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Fifth Annual General Meeting. 


The Filth Animal Oenoi.il Mooting of the National Institute ol Sciences 
of India was hold at 11 a M on Tuo-'daj', the 2ikI .lamiaiy 1940, in the North 
Eastern Loctuio Hallo! tho Modual College, M.idtas 
The lollowing Fellows weie piusent — 


Jit Col R N Chopra, Pre8ult.nl, in tho Chair 
Rao liuhadur M Viawa Nath. AddUwiutl Vu-e PremtleiU 
Pi of S P Agharknr Hoiutrary Secretary 


Dr Na/ir Ahinncl 
Prof A C IJanorji 
Prol Y Itiiuradwaja 
Prof F R Dliaiuclia 
Mr T P lihaskara Shatiti i 
Dr U. Chaudhuri 
Capt S Datta 
Prof S Datta 
Prof S 0 Dhai 


Prol S K Mitrii 
J*rof P C Mittor 
Prot P Noogi 
Dr C a Pandit. 

Dr M T*raHad 
Dr H 8 Pruthi 

Jtao Rahadiir G N RiuigaMwaiiii 
Ayyangar 
Dr i) Rama Rao 


Dr Oilbort J Fowler 
Prof J C Ghoah 
Dr F JI Oravoly 
Dr P C Guha 
Dr D S Kothan 
Dr 8 Knalnui 
Dr M 8 Kiislman 


Prof L Kanui Rao 

Prof J N lUy 

Dr H K 8ou 

8ir 8 M Sulaiinan 

Rao Bahadur T 8 Tiruiniirti 

Dr K Venkatarainan 

Rau Bahoilur T 8 Venkatiiniiiiiiti 


The mooting was also attended by (>4 visitors 

1 Tho minutes of tho Twelfth Ordiuaiy General Meeting wore read ami 
confirmed 

2 Tho President appointed J)t F H Giavely and Prof J C Ghosh to 
act as surutmeers ol tho ballot pijxirs reecivod for the eloition of officers and 
other members of Council for tho year 1940 

3 The following Oidinary Follows signed tho duplicate obligation and 
were admitted Follows as per Rule 13 

Prof F R Bharuclia Prof L Rama Rao 

Capt S Datta Dr C G Pandit 

Dr K Venkataraman 


4 The following wore declared elected officers and other members of the 
Council for tho year 1940 — 

PrenderU Bt Col R N Chopra 
Vte«-PrutdetUt Sir U N Brahmachan 
Dr A M Heroa 
Trtantrtr Dr B S Guha 
Foreign Secretary Prof J C Ghosh 
Seoretanea Prof S P Agharkar 
Dr C. 8 Fox 



FIFTH ANNHaI. UJSNlORAt. MfiBTlKG 


Mnnbers of Cwi\cU — 

Dr S L Horn 

Kliaii liiUiadur M Af/nl HiiHaiu 

Ur M S Knuhiinii 

Dr U H Invl 

I’rof O Mattliui 

I’rof .f N MuklwrjHii 

Dr C W H Nornmtwl 

Frof (J II Puranjpo 

Principnl I* Panjn 

Di K Pranhnd 

Prof M Qiin>Hlii 

I'liuk Huhadur C N HtiuKartuaiiu AyymiKiu 

Pruf N li Soil 

Sii Shah M Sulniniuii 

Col J Taylor 

Kou Bahiulur li V'oukntoMU luu 
Ml K Wnro 

C The Annual lleport loi the year 1930, piopaie<l by th« Council, was 
adopted 

6 The following {^Mpora woit) read — 

(1) An attempt to ntnitrahzo the apaoe-ohaige oi .i hot hlaiuent by taat 

positive ions of mercury Part 1 By K M Chaudhiy, 
S M Hawas and M Aslani (Communicated by Sir S M 
Sulaiman) 

(2) A contnbutiun to the Morphology ol Carthamus tinctorms Jjinn 

By I Baneiji (Coinmumcatod by Pro! S P Agharkar) 

(3) Studies in the Isoquiiiolme Series Parts IV-VII By B B l)t‘V 

and collaborators 

(4) On the Photo-ioni/atioii of Molecules By B D Nag-Chowdhury 

and K Bose (Communicated by Prof M N Saha) 

(5) Studies on the Chemistry and Biology ot the Slow Sand Filters at 

the Mailras Watoi Works By S V Ganapati (CominunuaU*d 
by l)i Gilbert J Fowler) 

7 The President delivered his Annual Address I’ho address mil be 
pi inted m the ‘ Proceedings ’ 

With a vote of thanks to the Chair tlio mwding terminateil 
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ANNUAL REPORT 

Thf! Count il oi tlio Niktioiuil IiihLiIuU) oI Scioiiot s ol India liavo ploasuro 
in submitling the tullowmg ropoit on the goncml coneoinH of the Institute 
for the yeai 19.39, as recjiiiivd by the piovLsioiis of rule 48(/) 

Mfnibf rship 

The uiimboi ot Follows on the loll ol tho Institute d the lieguuuiig 
ot tho yoiir w.wj 157 Ordinary Fellows .^iid 17 Honoi.irv Follows 1 1 Oidinniv 
Fellows and 4 Honorary Fellows wore elected duiiiig the yeai in acoorchwiot 
with thf“ procedure laid down m tlio Rieguiatioiis 3 Oidinary Fellows resignixl 
bhcir Fellowshij) during tho ye.ir Tho total nuiiilxn ot Fellows on the roll 
.it tho end of the year is 105 Oidiiuiy Fellows and 21 Honoiary Follows Of 
the 1(15 Ordinaiy Follows 7 .iie noii-iesideiit 

Mtvtnuj'i 

The fouith AmiUtil MiHiting was held in the Hailey Hall, Lahoie, on 
tho 2iid January, 1939 An acioiint of the meeting w.is piiblisheil in tlio 
Proceedvigs, Vol V, No 1, pp 1-2 

Two Ordinary (ikmoral Mootings woie held dining tho yisii Both 
meetings wore hi‘ld in Caloutl.i m the rooms ot tho Royal Asiatic Soeioty of 
Bengal, tho first on tho 5th April, 1939 and the n cond on the 26th and 26th 
August, 1939 Tho lattoi meeting iiu ludod a Symposium on ‘Coal m ImUa’ 
Accounts of these mootings, together with the })a[)ei-s lead, are being 
published in tho Procfodinijfs TVo ol tho jiapiis have Ixjeu published in the 
Tiunmrtion'i 

The (UmnrU 

The officers and meinbois of Council loi tho yo.ir 1939 woio elected at 
tho fourth Annual Moetmg held on the 2nd Januaiy, 1939 The Council, 
together with the i-opreseutatives of tho co-oporatmg Aeadeinies, the Indian 
Science Congress Association and tho Covemment of India, was constituted 
as follows — 

FrendcrU IH Ool It N Ohupiu 

Vtce PrendmlH .Sii U N Hnihioai htii i 

Dr A M Heron 

Additwrud Vtce Fremih nls Pro! J Jn Muklmrjt i 

Prof M N Saha 
Itao Boliadur B ViHwaiiaih 
Dr B S Ouha 


Tnaturer 



A-MlTOAr, EBPOBT 

. Prof B SiJini 

Prof 8 P Agharksr 
Dr O 8 Vox 
Prof 8 8 Bhatnagar 
Mr II Q Chmnpion 
J’rof J C Ghosh 
KImn Bahadur M Af/al KuHHiir 
Dr M 8 Krishimri 
Dr R B Ltil 
Prof 8 K Mitrn 
Dr (’ W B Nopniimil 
Prof G R Punmji>r 
J>r Buiiu Priisfuul 
Prof M Qiirts)ii 

Bno Biihiwliir (I N HmiKWaiuni Avyaugai 
ProJ N K Son 

Tho Hoii’blo Sir 81iuh M SiiliuniiiiL 
Col .f Taylor 

Rao Baluwlur B VeiikntoHui liar 
Mr h Ware 

Brioadior Sir Harold Couolimaii } ^ \ 

Sir Lo ^^ la Vonnor \ (Bx-offirro ) 

ictl Prof A C Bnimrji 
Sir Biv<o Buit 
Prof B (<opalaAi>ai 
PiiiwipalP Panja 

'rfui Counoil h<il(l suvon meeting'* .iud one omorgency meeting during tlio 

year 

Commttteea 

A 8ub-ooiumittoo consisting ot the Pi’esidont, the Secretaries, l)i ll I? 
Lai and Prof M N Saha was appointed to consider the replies received on 
the qiioationnaire on Science and its Social Relations and to prop.ire a report 
thereon 

The Sectional Committees aro given in Appi'iulix TTI 
Delegates to Foreign Congress 

(\j| Sir Aithur Olvor was appomteil to represont the National Institute 
.vt tho 7th International Congress of Genetics to be hold at Edinburgh 

Di A M Heron, Prof B Sahni and Mr D N Wiwba wore appointed 
delegates to the 18th International Geological Congress to be held in London 
in 1940 

Pviltcattona 

Three numbers of the Proceedings, two numbers of the Transactions 
and three numbers of Indian Science Abstracts were published during the 
year. 


Foreign Seeretofy 
Seeretanes 


Members of Oounctl 


4 (Iditiotuil 1 / ( uiht TK of ( 'oun 


Exchanges, 

Six additional Institutions wore placed on the exchange list for the 
publications of the Institute, bnnging the total number on the list to ninety- 
one {vide Appendix IV). 
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Ltbranf 

Four hundred tuid forty-ouo bcjokn, paits of iKTiodnaU and leprinta wore 
added to the hbiary during the Y«‘ai {vuie Appuxlix V) 


PrpsenUi and Donationa 

The following granta-in-anl have been aanctioneil during the year to the 
Institute — 

(1 ) Rs ’>00 from the Calcutta University for the session 19.‘}0-40 

(2) Rs 300 from the Osmtinia Umversity for the year 1348 F 


Finance 


An audited statemont oi acfoimts of the National Institute for the 
peiio<l from 1st DecemlxT, 1038 to 30th November, 1030 is submitted {vide 
Apj[)endix VI) The tot.d oidiiwty letoipts for this peiuxl are Rs 14,821-1-4 
(inclusive of tlu grant-m-ai<l ot Rs 0,0(K) hom tiio Covernment of India), 
and the ordiiuiry pavinimla Rs 17 531-11-0, showing an excess of payments 
over receipts of Rs 2 712-10-2 A sum of Rs 250 was reali/ed on amount 
ot ailmission fus aiwl Rs 274-2 0 on account of compounding subscnption 
At the iM'gmnmg of (he y»ai tin rash |)osition of the Institute was as 
follows 

Rs A 1* 


In Savings II, ink account 
, (loviniment paper 
Cun cut account 
Hand 


2 I 15 2 0 
no(M) 0 0 
12,023 15 S 
(> 15 0 


Toivf 17 17(1 1 5 


At the ind of the yoai, however, the <ash fxisition was reduced to the 
.iinount as shown below 


In Savings Bank account 
,, Government pajior 
,, Current account 
„ Hand 


Rs A p 
2,10(, 7 0 
40,000 0 0 
2,070 5 3 
12 13 0 


Total 44,258 0 3 


Appkndiui-s 

I List of t'olIoWB 

11 Abstract Procoodings of the Council 

III Conunittee&, 1940 

IV I.wt of Inhtitutiono oil the exchange lut 
V Penodicals received for the Library 

VI Audited Htatement of accounta, December ie38-November 1939 
VII Budget EBtunatO) December 1939-NoveiDber 1940 



APPENDIX I 


LIST OF FELLOWS 

OUDlNAin KKIJOWh 

1 Abraham, Li l'()r V\ h V, \U('S (£ ), 1* (t b , M Iiiwt P T . hi iimi ()i olojiint 

M\irniRli Oil Oo JAd , Btinna, KliiiiinuiiK. Mhrwo, Uurma (1936) 

2 AdiiAKkAK, S ]* MA, J’hl) PIvS, OliiiHH ProfnHMor of Botum, Ciiliiitfa 

Univi rHity I'i, Mallv^utij Circulur Jiouil, Ciili iittn 

3 Ahmad, Na/iji, 0 B 10 , VI Si , Ph 1) , Dimitor, JniliuH tkutral Cuttoii ( uminiUu’H 

Torhniilojfiml Laboratniy, Matimf^ii, Biiinlin\ 

4 Aiyah, U (loi'Ai A, M A , L T , M ht , Uni\i isity Professor of Zoologj iiiiil Oii('ct.i*r, 

Uiuvorsilv ZooloKit-ftl Laborntory, Mnilros (1938) 

3 \jnFKAR, S li . 11 A , 1 K S (Kofil ) Hfto IthuinbunlH, Poi'iui 4 
fl Ananda Kao, K Uho Habnilin, M A , 1 h S , Proft ssor of MatboTiuitics, Pn snii ucy 
OolloKi', Madras 

7 Ash, W t' , 11 S( , M liisl (’ 10 \ M I Vb • h h , llongal Uliib, CaloulU 

8 Audfn, 3 II MA (('untab ) Ooidoxist (a ol<i)(ii al Snr\ov of indii), Indian Musoiiiu 

Caliiitta (1918) 

9 VWAH, P R , B A . I) 1 0 , I K h , Piofossoi of Zoolo||;y, Royal liistitiiti ot SiioiiPo 

Mayo Road IIuiiiIniv 1 

10 llAUGBRK, K U , 1) Si , J) I , Mjiologisl, Impoiml I'oivst l-tosoanb lustituti', 

Dobra Dun, U P 

1 1 Baht , K N , D Si , D I’bil , Profossor of Zoology, Lutkiiow Ujiivorsity, Jiiii know 
IJ Bankrjbk, K , D Si , Roadi r m J’hysics, Uaica Umvoruity, Ramna, Dacca (1919) 

1 1 UANRRjr, A C , M Sc , M \ , F R V S , 1 JO S Protosaor of Mathomatii s, Allnbabad 

DiHvcrsity, Allnhalmd 

14 llANfRHJT, S K , D Si , Moborologmf, Motoorological OJbio, Poona 6 

10 IlkksuN, 0 F C , D Si boroHt Kntomologist, Im|)orial Foivst Resoarih Jnstituto 

Dobm Don, U P 

16 Biiabadwaja, V , M Be , Ph D (Loncl ), F L S , Professor of Botany and Heail of 

tho Department, Benares Hindu Umvorsity, Bonaros (1937) 

17 lliiABUCHA, F R , B A , B Sc , M Sc , D 8i , Professor of Botany and Hoad of tho 

Department, Royal lustituto of Stieiife, Bombay (1939) 

18 Bhaskara Shastri, T P, MA, FRAS, Director, Nizamiah Observatory, 

Hyderabad (Deoean) 

19 Bhatia, B L , D Se , b Z S b R M S F A Si , I’nntipal, Ranbir College, Sangrur, 

Jmd State (1917) 

29 Buatnaqab, 8 S , 0 B K , D Sc , ProfesHor of Chnrnistry and Director, Umversity 
Chemical Labonitonrs Paiijab Unn orsity, Lahore 

21 Bhattacharya, D R , M Sc , PhD , Dr 4s Scioncos (Pans) Professor of Zoology, 

iUlahabad Unn orsity, 7, Malaviya Roail, Allahabad 

22 BoMfOKU, Major Guy, R E , Sur\ey of India, Dehra Dun (1936) 

23 Bosk, D M , M A , B Sc Ph D , Director, Beso Institute, 93, Upper Circular Roail, 

Calcutta 

24 Bose, G S, DSo, MB , Head of the Department of Ezpenmentol Psychology, 

Oaleutta Umvorsity, 92, Upper Circular Road, Calcutta 
26 Bose, N K , M So , Ph D , Offg Director, Punjab Imgation Research Institute, 
lAihoro (1938) 

26 Bose, S N , M He , Professor of Physics and Head of the Department, Dacca 
University, Ramna, Dacca 
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Bose, S H , M A , Pli D F R 8 E Professor of Botiain , Oanniehitpl Medical ColleKu, 
Calcutta (1915) 

Bkahmac hari, Sib U N . Kt . Rai Bahadur, M A M D , Ph D . F R A 8 B . K I H 
Physician Medical CoHoro TTospitals Calcutta (Retired) 10. Loudon Street 
Call utta 

Bi’rns W , 1) be , 1 a S , ARricuItiiral Commissioner with the Clo\ i>rmiu'nt of India 
New Delhi (lOirO 

Ml KRinof W DM MA (Oxon), Professor of PhysioloRv Lm know Ihiuersity, 
Luc know 

Ml KT. Sib Bryob C . Kt . C I E , M B E B S< IAS. o/o \\ ostiiiiiister Bank, 
Bishopstou Bristol 

Cmoi-r C C.BSi (Agr), FLS.lft Oladstoiie Fuko, Vls'nlec ii Scotland 

( iiAKRAVAHii, S N, D Sc (Oxoii). PIC PCS Cholincid Fxaniintr to (Io\eni 
monta of r f* and C P 46 Taj Road, Arto (1935) 

CiiAweroN H (J M A . Conservator of Porosis Western Cir le ITnited Pisimuccs. 
Nami Tal 


( HMrrnwFF (i , M he , MetcMindoRist in charRi^ Cppor Air Dhsinatory \Rra 

(lord 

Chaiidiiitri H, D Sc I*h D , DIC, Head of the Department of Univorsity 
’ronchinR m Botany and Din‘ctor, Kashynp Hesc'arch Jaiboratory, Panjali 
Umvorsitv, Lahore 

CuoiMiA B X , D Sc FLS Assistant Siijm mile ndent, /ooIoric al Survey of Tnclia 
Indian Museum Calciitto (1916) 

CiiornA, BbkvktCol R N. CIR MD, Sol) FRASB, FRCP. 

IMS (Retd ), Direc L»r, School of Tropic al Midicino Calcutta 
Ciiowmn'KV ,I I\ M Sc Dr Phil (Beihn), lic<ader m Chcniislrv Dac ca University, 
Rniniia Dacca (1938) 

toiiiiMVN Briuaiukr Sir IIakoiii, Kt . 1) S t) MC 
R Dept (t Pail Mall, Liaidoii, S \\ 1 
( oi'raov, A I , D Sc , D T 0 , P (1 S , SiiponutendiiiK lhHi|o|pst, (leoloKiiul Survey 
of India Indian Museum Calcutta (1916) 

CiiooKariA VK, II , B A , D Sc , B A 1 , SupeniitendiiiK Geologist, Geological Survey 
of India, Indian Museum, Calcutta (1938) 

Dastuw, R ii , M Sc , Cotton Physiologist, Agntultiiral College, Lyallptir, Punjab 
Datfa S , M Sc D Sc , DTC , Professor c»f Physics, Presidenty Colloge, Calintta 
(19l'i) 


c/o Llcivds Bank Ltd, 


Datta, Cap-iain S CA,B8«,MRCVS,DTVM:, Veterinary Research Officer, 
Impciial Vc terinary Research Institute, Muktesar KimiHim, U P (1038) 

Dry, B B D ,Sc , FIC, TE8, Professoi of Chniumtiy, Presidency College 
Madras 


Dhab N R. DSc . pic, IRS, Deputy Director of Public Instruction, UP 
Allaliabad ’ 

Dhar, 8 G , M Sc. , D ,Sc (Cal , Edin ), P R S E,, Professor and Hoad of the Depart 
inent of Mathomaties, Nagpur University, Nagpur (1918) 

DrKN, J A,DSc,DIC,PG 8, Geologist, Geologic al Survey of Tncha, Indian 
Museum, Calcutta. (1935) 

Dunniclifk, H B.CIE.MA.StD.FIC.IKS, Chief Chemist. Central 
Revenues and Director, Control Laboratoiy, Now Delhi 
Dtttt, S B , D Sc , D I C , Rearler m Orgamc Chemistry, Allahabad University. 
Allahabad (1936) 

Evvns, P . 13 a , F 0 S , 166, Longlands Road. Sidcup, Kent 

Pkrmob, Sir Lewis L, Kt, OBE, DSc, ARSM, M Inst MM, F O S , 
FRASB F R S . o/o Lloyds Bank, 6, Pall Mall. Umdon, 8 W I 
h owiiER, OiLiiaaT J , D So , F 1 C . Consultirig Cliemist, Moekay's Gardens Annexe, 
Grnines Road, Cathedral P O , Madras 

Fox, 0 S , D 8c , M I MituE , F G 8 , Director, Geological Survey of India, Indian 
Museum, Calcutta 

Oeh, E R , M a , F O S , Geologist, Gerilogiv.al Survey of India, Indian Museum, 
Calcutta, (1935), 
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57 Gh<)8K, S L , M Sc , Ph D , ProfesBor of Botany, Qovomment College, Lahore 

58 Ghohii, if , M A , Ph 1) , ProfoBSor of Mathematics, Presidency College, Calcutta 

(lOW) 

50 Gjiosh, J C , D Sc , Director Indian Tnetituto of Soieiico, Hobbal, Bangalore 
OO Olios ir, P N , M A , Ph D , Sc D (Hon), FTnstP Ghosh Professor of Applied 
Physics, Calcutta Umvoreity, 92, Upper Cir< iilar Road. Calcutta 
<11 Ghosh, R N , D S( , Reader m Phyeios, Allahahafl Uni vorsity, Allahabad (1930) 
62 Gr PNNiE, Ivr Cor B A , D S O , U E , Survey of India, Dohm Dun 
61 Gravi 1 \ , P H . D Sc , F U a B B , Suporintondont, Government Museum, Musoum 
House, Eginoro, Madraa 

64 Ghha, H S , M a , Ph D , Assistant SupormUmdciit, Zoological Survey of Imha, 
Indian Museum, Caleutta 

0"i Guha, P C , D So , Actmg Professor of Orgamc Chemistry, Indian Institute of 
iSiHiicn, Hehhal, Bangalore (1935) 

66 Haiidow J R , B ,S{ . M R C V .S , I) V 8 M . Veterinary Research Offlcir m charge 

of Hi rology. Imperial Veterinary Research Institute, Muktosnr Kiiiiiaun, U P 

67 Hr MIRY, D, MG, H Si , NDA, Director, Imperial Chninieal Iiidiistnes, India, 

Calcutta (1938) 

68 Hkrov, a M.DSo.FGS.FRQS.FRSE.FRASB, Mmes and Geology 

Oltice, Hyderabad (Dinean) 

69 Hora, S L, Rai Bahadur, D Sc , FRSE, FLS, FZS, FRASB, Asst 

Superintendent, Zoological Survey of India, Indian Museum, Calcutta 
7d Husain, M Af7ai., Khan Bahadur, M A , M Si , IAS, Viti Clmricellor, Punjab 
University, Lahore 

71 Iyunuah M O P, MA, PhD, FLS, Universitv J’lofessor of Hotany, Madras 

University, TnpUiane Miwlras 

72 JosiiT, A C , D So , Assistant Professor of Botany, Bennits Hindu University, 

Benares (1938) 

7 1 Kapur, 8 N , Ph D , Iraponal Forest Resoanh Institute, Dohra Dun 

74 Ki( iiLU, P K , D So , Profossor of Physius, Government Uollogc, Lahore (1915) 

75 Kohhy P K , F U 0 P , Professor of Anatomy, Medical College, Madras 

76 Kothari, D S , M So , Ph 1) , Rooilor and Hoad of tho Physics Department, Delhi 

University, Delhi (1936) 

77 Krishna, S , Ph D , D Sc , F I C , Forest Biochemist, Imperial Forest Research 

Institute, Dehra Dun (U P ) 

78 Kkishnan, K S , D Sc , Mahondro Lai Sireor Professor of Physics, Indian Association 

for the Cultivation of Scionco. 210, Bow Bazar Street, Calcutta 

79 Krishnan, K V,MUB8.LRCP,DB,DSo, Professor of Malonology and 

Rural Hygiene, All-India Institute of Hygiene and Public Health, Calcutta 

80 Krishnan, M S,ARC8,PhD,DlC, Geologist, Geological Survey of India, 

Indian Museum, Calcutto (1035) 

81 r,AT„ R B.MBB8 DPH.DTM&H,DB, Professor of Vital Statistics and 

Epidemiology, All India Institute of Hygiene and Pubho Health, Calcutta (1936) 

82 Law, S C , M A , B L , Ph D . M B O U , 60, Kailas Bose Street, Calcutta (1936) 

83 Lewis, Brioadtkr G G, OBE, Surveyor General of India, 13, Wood Street, 

Calcutta (1930) 

84 MaoMahon, P S , M 8c , B So (Oxon), FIG, IBS, Professor of Chemistry, 

Lucknow University, Lucknow 

85 Mahajani, G S , M,A , Ph D , Principal and Professor of Mathematics, Fergusson 

College, Poona 4 

86 Mahai ANOBI8, P C , M,A , B So , I E S , Professor of Physios, Presidency College, 

Calcutta 

87 Maiihswari, F , Dilo , Reader m Botany, Dacca University, Romna, Dacca (1936) 

88 Matthai, Gkosor, M,A , ScD, FLS, FZS, FRSE, Profisssor of Zoology, 

Government OoUege, Lahore 

89 Mbhra, H R , M So , Ph D , Reader m Zoology, Allahabad University, AUahabad 
90. Msbxa, K C., Ha) Bahadur, M So , PbJ> , Pndeesor of Botany, Agra College, Agra 



ANNUAL REPORT 


9 


91 Miias, J P , M a , ICS, Socrotary to II E the Oovemor, (}o\ ornment Honso, 

Shiilonf', Assam (1030) 

92 AfiTK V, S K , M H E , D So , (Ihoso Professor of Physu s, Cukutta Uiiivorsity, 92, 

(TpjKir Circular Uoa<l. Cukutta 

01 MfTTKK PC M A , Ph D , Prtlit Piofossor of Chemistry, Calcutta University, 
02, Up|Kir Cm ular Komi, Cak utta 

04 Mookf UJK 1-, ir K , D St , 1) I C Uiiixorsity Profossoi of /oology and Heiul of tlio 

Dopartmont Cak utta Uiu\or»ilj 35, Ballygungo tlin iilur Road, Cali utta 
(1019) 

05 Mowoawau a, P N M \ , M E E E , Mem A T E K . M I E . iOl, Fmro Itoad, Fort, 

Bouibny 

Oft MtiKuriiJi E, J N , U Sc K C 8 , F R A S B tllioso Profcssoi of Cheiiimtry, CaU uttu 
IJi'ivt isitv, 02, Upp< r Cm ular Kond, Calcutta 
97 Naik, K C , D So , 1< I C , Professor of Clieiiiistry, Baroda Collogo, Barudu 
90 NAaiiKVR V V HSc (Rom) K V (Cantab ), 1* R A S Professor of Mathomatii s 
and >[< ail of Iho Deiiartment, B« tunes Tfiiiclu Univorsitv, Renans (1010) 

00 Nkkji, P.M \, PhD, EES (Itftd ), 4tA. New Shmnlm/nr Stmt, Cali utta 
(19-10) 

100 Nuiimani) C W R M a , U ht , Diroitor (leiioral of Olisorv'atonos, Mok'ontloKicul 

Dfhco Poona 5 

101 Dlver, Coi Sia Am mm, OR, CMC, F R C V S . Pnncijial, Royal Vot*>rmarv 

(Vtllagn Edinburgh 

102 PAMtir, C (i , M R R H , I’h I) , D P IE , D P ^E , Offg Untn tor, King Institute 

of Pi’oyonlivo Modicino, Ouitidy Madras (19)9) 

10) I'ARAVJrf, O R, M S< , A I E St , IKS, Pruuipnl ami Professor of Plivsiis, 
Royal rustitiito of htiomti, Bombay (10)7) 

104 Paranji'yi , R P , D Sc , Ft rgusson College Roatl, Poona 4 

105 Pvaiiv, P K , M A , 1) St EES Piim ipal and Professor of Rotany, Itaxenshau 

Collt go, Cntttvck 

lOfl Parkinsov, C E , Deputy Const I vator of Forests, Mmbu Divisioi Mmbu, Burma 
(10301 

107 PASiiit HA, Major 0 E^ , 1 M S , E’rofissor of Pathology autl Bat ttiriology, Soliool of 

Tropual Motliciae, Calcutta (1939) 

108 I’ERcryAL, F O , Ph D F O S , Supermtt iideiit t»f Minos a>' I Quarries, Tata Iron 

& Steel Co , Ltd , ), Beltlih E^ako Root], .Itunslietlpiu- (1930) 

109 Phh poi, H P , B Sc (Eiig ). V M Inst C F , M I Met h E , M I A E , M 1 M , Print ipal 

and Jotlhpur llartUngo Proft'ssoi t»f Tt t Imology, liiigiiit'timg Colli go, lionaroB 
Hinilu University Benan s 

110 PivroLD, E S , M A , F O S , (k idogist. The Adot k Oil Co , lAtl , Raxyalpmdi 

1 1 1 PjtASAu, 1) N , M Sc , D St , Ph D , Malhoinatics lJupartinont, Allulmbad Umyorsity, 

Allahabad (1930) 

1 12 Prasad, Mata, D Sc , F I C , Profcssoi of Inorganic ami Pliysical Chemistry, Royal 

Instituto of Stionco, Bombay (1935) 

113 Pbashad, Baivi, D Sc , F R S E . F L 8 , F / S , F R A S I) , Director, Zoological 

Survey of India, Indian Museum, Calcutta 

ill PitUTiii, H S , M So , Ph D , Iinpenal Entomologist, Imjxjnal Institute of Agncul 
tural Research, Mexv Delhi 

115 Qobesux, MirzATARUoniN, PhD, Professor of Chemistry, Osmama Umveraity, 
Hyderabad (Doooan) 

110 Raj, B Sunoara, Dewon Bahadur, MA, PhD, Director of Fisheries, Madras 
(1930) 

117 Hamanatuan, K R , M a , D Sc , Moteoroiogist, Meteorological OfSoe, Poona 0 

118 Rahdas, L a , M a , Fh D , Agricultural Meteorologist, Poona 6 (1935) 

119 Ranoabwahi Ayyanqab, G N, Rao Bahadur, B,A , IAS, Millets Specialist, 

Agnoultural College and Research Institute, P O Lawley lioad, Coimbatore, 8 I. 

120 Rao, B Raka, MA, DIC, FGS, Director, Geological Survey Department, 
Mysore State, Bangalore 

Rao, L Raka, M A., £' O S , Professor of Geology, Central College, Bangalore. 

( 1939 ). 


121 . 
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16 Fbot J Fbbbin. N L , Sorbonne, Fans 

17 Prop Bobbbt lioBiNSON, D So , F R 8 , Waynfiete Professor of Organic Chemistry 

in the Dyson Pemns f^aboratory, Oxford Umvomity 

1 8 Sir E Joun Kusskix, D Sc , F R S , Director, Kothamsted Agricultural Expenmental 

Station, Harpondon, Herts, England 

ll> SiK Albbrt 0 Sbwabd, D Sc , Hon LL D , F R S , Formerly Master of Downing 
Oolloge and Emontus Professor of Botany m the University of Cambndgo, 209 
Cromwell Road, London, S W 6 

20 Sir Cuarlrs S SiiRRRiNaTUN, OM, GBE, NL, FRS, Formerly Waynflete 

Professor of Physiology in tho Umvorsity of Oxford, Broomaido, Valley Road, 
Ipswicli, England 

21 Dr C M Wbnyon, CM0,CBE.FRS, Director-m chief, Wellcome Run au 

of Scientiiic Research, 183, Euston Road, London, N W 1 


APPENDIX II 

ABSTRACT PROCEEDINGS OF THE COUNCIL. 10.39 

[Note — These abstracts of the proceedings of tho Council relate to questions dealt 
with which are likely to be of interest to FoHowh Routiuo matters and matters which 
are under consideration are nut included ] 

1 The Council resolved that lu future all arrangements regarding scientific pro 
gramme of discussions or symposia arranged by the National Institute bo modo by a 
oonmuttoe appointed by tho Council for tho purpose, consisting of the covener and two 
or throe other members Tho committee shall be responsible for arrangmg the matter 
for publioation and sending it to tho editor m a form ready for the press within one 
month of the symposium being held In view of the large cost of publication it is 
suggosted that only important ooutnbutionB to the discussion should be pubhshed m full 
(No 8—8 2 39) 

2 The following resolution passed at an emergenoy mooting of the Couned was 
forwarded to the Private Secretary to His Exoollenoy the Viceroy 

‘ Tho President and Council of the National Institute of Sciences of India, on behalf 
of the Institute, loynllv place thoir expert soientifio knowledge at the disposal of the 
Qoveniment in the present crisis * (6 9 39 ) 


APPENDIX III. 
COMMITTEES, 1940 
SECTIONAL COMMITTEES 


(1) ‘Mathematics' Committee for Mathematics, Astronomy and Geodesy 


Principal G S Mahajom 

Pnncipal B M Sen (Secretary and Convener) 

Prof A C Banerji 

Prof Ml R Siddiqi 

Mr T. P Bhaskara Shostn 

BrigfidiOT C O. Lewis 


To serve until 
Deo 31 
1940 

1940 

1941 

1941 

1942 
1942 
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(2) 'iPhTBios* Ckimnuttee for Phyiioa and Meteorology — 

To serve until 
Deo 31. 


Dr D S Kothan 1940 

Prof S K Mitra 1940. 

Dr K R Ramanatban 1941 

Prof M N Saha 1941 

Dr K S Krishnan (Secretary and Convenor) 1942 

Prof S K Bose 1942 


(J) Ciinmistry’ Oonimitteo for Pure and Applied Ohomistry — 

Prof B B Dey 
Prof J C Ghosh 
Dr H K Son 
Itao Bahadur B Viswanath 
Prof P 0 Mitter (Socrotary and Cotivoiiei) 

Dr S S Bhatnagar 

(4) Rrigineunng Scieoooa’ Committoe for Euginoonng. Metallurgy, 
Bloctro toehnice and kindred aubjoots — 


Dr G J Powler 1910 

Dr K Spencer 1940 

Dr N Iv Buao (Secretary and Convener) 1941 

Mr D Hondiy 1941 

Mr F N Mowdawalla 1942 

Dr P N Qhoah . 1912 

(5) GiHilogy ’ Committoe for Geology, Palieuntoiogy, Mineralogy and Geography — 
Dr M S Knahnau 1940 

Dr F G Poroival 1940 

Dr A L Coiilson (Socrotary and Convener) 1041 

Dr 0 S Fox 1941 

Prof L Rama Roo 1942 

Prof B Sahm 1942 

(0) ‘Botany’ Gommittoe for Pure and Applied Botany, Foivetry and Agronomy - 

Dr S L Ghose 1940 

Prof S P Agharkar (Socrotary and Com oner) 1940 

Prof B Sahm 1941 

Rao Bahadur T 8 Venkatarainan 1941 

Dr K Bagchee 1942 

Dr P Moheawari J942 


(7) ‘Zoology’ Cornmittoo for Pure and Applied Zoology and Antliropulugy 

moluding Ethnology — 

Prof O Matthu 
Dr B SundaraRaj 
Dr 0 F 0 Beoeon 
Roi Bahadur 8 0 Roy 
Mr J P Mdls 

Dr B Praehad (Secretary and Convener) 

(8) ‘Physiology’ Committee for Ammal Physiology, Pathology, Bacteriology, 

Psychology and other Medical and Vetenn^ subjeots — 

Dr A 0 Ukil 
Lt .Col H E Shortt 
Lt Col S S Sokhey 
Col R Row 
Dr Q Bose 
Mr. J R Haddow 
Bt.-Col R N CSiopra 
Dr 0 G Pandit 

Major 0 L. Paonoha (Seoretary and Convener) 


1940 

1940. 

1940 

1941 

1941 

1941. 

1942 
1042 
1042. 


1940 

1940 

1941 

1941 
1042 

1942 


1910 

1940 

1941 

1941 

1942 
1942 



14 


ANNUAL BBFOBT 


APPENDIX IV. 

LIST OF INSTITUTIONS ON THE EXCHANGE LIST. 


Allahabad 


Indian 


1 Allahabad Utuvereity 

2 National Aoadoiny of Scienoes, India 


Bangalore 

3 Dopartmout uf Agncultun, Myson' State 

4 Electrical Engineonng Society 

0 Geological Survey Dcpartmoiit, Myeore State 
0 Imhan Academy of Sciences 
7 Indian Institute of Soiouui 

5 Metonrological Department, Mysore Stale 
1> Society of Biological Choimsts, India 

betuiree 

10 Indiiui liotanionl Society 
Hotnhay 

1 1 Anthrupolugiuil Soi loty uf liuinbay 

1 2 Bombay Natural History Society 
1 1 Indian (lontral Cotton Gominiltee 

1 4 Royal Institute of Science 

Calcutta 

15 AnthruiHilogiual Socio^ of India 

1 0 Hiochernu ol Society of India 

1 7 Botanical Sur\ ey of Iniha 

1 8 Calcutta Mathematical Suciet> 

1 U Calcutta Medical Club 

Calcutta School of Tropical Modicino 

31 Calcutta University 

32 Carmichael Medical College 

3 1 Geological, Minuig and Metallurgical Society of liuliii 

34 Goological Survey of India 

35 Indian Association for the Cultivation of Sc leiice 
3(1 Indian Chemical Society 

37 Inchon Medical Oozett^— (Thacker, Spink & Co (1B‘1 1), Ltd ) 

38 Indian Physioal Society 

39 Indian Psychological Association 
30 Inchon Statistical Institute 

11 Indian Tea Association 

32 Institution of Chemists, India 

.13 Mimng, Qoolorical and Metallurgic al Institute ot India 

34 Physiologpcal Society of Incha 

35 Royal Agn Horticultural Society uf India 

16 Rosral Asiatic Society of Bengal 

17 Science «md Culture 

38 Survey of India. 

39 Zoologioal Survey of India 

Coonoor 

40 Pastour bwtitute of Soutliem India 


Dacea. 

41 Daooa Umvermty 
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DAra Dun 

42 Board uf Maoagemenfct Iiidiaa Forester 

43 Imperial Forest Rosoaroh Institute 

Hyderabad {Deccan) 

44 Dopartroent of Mines and deologioal Survey, U B H Nuain's (lovoriunent 

45 Oamama Umversity 

Indore 

46 Institute of Plant Industry 
Kaaauh 

47 Central Hoaoaroh Institute 

48 Indian Journal of Medical Research 

49 Malaria Institute uf India 

Lahon 

50 Punjab University 
Lucknow 

51 Indian Zoological Memoirs 

52 Lucknow University 

Madraa 

53 King Institute uf Preventive Medieinn 

54 Maikas Fisheries Department 

55 Moilras Govommciit Museum 

Mukleaar 

56 Imperial Voteriiiary Research Institute 
Xtujgar (Punjab) 

57 Himalayan Research Institute, Itoorich Miueiiin 
Smo Delh% 

58 Imperial Council of Ignciiltural Research 

Poona 

59 Inilian MatlicinatK al Suoietv 

60 India Meteorological Dojiartinout 

Hancht 

61 Iiulian Lac Research Institute 

Simla 

62 Uiinalayaii Club 

Foreign 

C'louida 

63 Department ol Mines, Ottawa 

64 (leological Survey of Canada, Ottawa 

Cape Colony 

65 South Afiicau Library, Cape Town 

China. 

66. Chioeao Physical Society, Euaming, 

67. National Agricultural Rseearch Bureau, Nanking. 
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Fronee. 

68. Musoum Natural d’Hiatoire Naturelle, Paru. 

Germany 

69 ChemiBchoH Zontralblatt, Borlm 
Great Brxta\n 

70 British Museum, Natural History Seetion, London 

71 Imperial Bureau of Plant Uenetus (for crops other than Herbage), Cambridge 

72 Imperial Bureau of Plant Geiiotios (Horbago plants), Aberystwyth 

73 Nature, London 

74 Patent Olhce, London 

75 Royal Botamo Gardens, Edmbiirgh 

76 Royal Society of EdmLurgh 

77 Hi lonco Museum, I,ondon 

Italy 

78 [nstitut Intornational d’Agiiculturu, Home 

Java 

79 Dupartement van Eoouoinistho Zakou, Batavia 
Ph%l%pp%n< « 

80 Phihppine Bureau of Soienoe, Manila 

Busna 

81 AlUUnion Lomn Library, Moscow 
Uganda 

82 Qoologtoal Survey of Uganda 


8 1 American Chemical Society, Columbus 

84 American Museum of Natural History, Now York 

85 Marine Biological Laboratory, VVooiIs Hole, Mass 

86 Scripta Mathomatica, Now York 

87 Siuithaoniou Institution, Waalungton 

88 Treasury Department, U S Public Health Herv ice, Washington 

89 U S Department of Agnculturo, Washington 

'K) tJ S National Buroau of Standards, Washington 
91 US National Musoum, Washington 


APPENDIX V 

LIST OF PERIODICALS RECEIVED IN EXCHANGE 
OR AS PRESENTATION 

Ind%an 

Agnculturo and Livestock m India 

Amual Report of the Calcutta School of Tropical Medicine 

Annual Report of the Institute of Chomuts, India 

Annual Report of the Indian Tea Association 

Annual Report of the Indian Central Cotton Committee 

Annual Report of the Department of Agriculture, Mysore 

Annual Report of the Indian Association for the Cultivation of Scienoe 

Annual Review of Biorheimoal and AUied Research m India 

Astrograpbio Catalogue, Hyderabad Section. 
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Bulletin of the Indian Central Cotton Comnuttee. 

Bulletin of the Calcutta Mathematical Society 

BuHetin of the Geological, Mimng and Metallurgical Society of Indio 

Bulletin of tho Mailrue Govomnient Mueeum 

Bullotiii of the Mysoru Coffoe Kxporimont Station 

Calcutta Medical Journal 

Bloctru techiucs 

Geodetic Report of the Survey of India 
General Report of tho Survey of India 

General Jteport on Village or Extra factory Consumption of Cotton in India 
Houlth Bulletin (Malaria Institute of Iiuha) 

Indian Forest Records 
Indian Forest* r 

Indian Jounuil oi Agru ultimil Science 

Indian Jouriud of Physics 

ln<Uan Journal of Medical Research 

Indian Jounuil of V\itonnary Soioiico and Animal Husbanilry 

Indian Mtslicul Go/otto 

Indian Muds al Research Memoirs 

Ir'duHi Zoologu ul Memoin 

hnirnal of tho D4)nartineut of Scienoe, Calcutta University 

Journal of the Indian Chi miuil Sotioty 

Journal ut tho indiuu Institute of Si mneu, Bimgalore 

Jourival of the Indian Mathematical Society 

Journal of tho Indian Medical Association 

Journal of tho Malaria Tiistituto, India 

Journal of the Uiuversity of Bombay 

Journal Osnioiua Uiuversity 

•Tounial of the Hyderabad Geological Survey 

Magiietii, Mohsuologiial, Atmosphnrii , Kleitncal and Seisinological Observations iniulo 
at the Gevoninii nt Observatory, Bombay and Ahbogh 
Memoirs ol the Goologiuvl Survey of India 
Memoirs of tho India MeUorological llopartinoni 
Memorandum, ludiun Tea i\ssooiatiun 
Mysuni iVgncultiiral Culeniiar 
i’roceodiiigs oi tho Institute uf Chemists, India 
Proi <>c dings of the Indian Ai adoiny of Scieneos, Bangalore 
ProcetHlings of tho National Academy of Scienres, India 
I’recec’dmgs of the Society of Hiulogii al C'honiists 
QuarU.‘rly Journal of the Indian Institute of 81101110 

Quarterly Journal of tho Geological, Mining and Motalhirgu al Soi lety of India 

Rocouls of tho Goologual Society of India 

Rejwrt ot the Institute of Plant Industry, Indore 

Report uf the Botoiucul Survey uf India 

Roiiort of tho lliiflkinu Institute, Bombay 

Re[)urt of tho King Institute of Preventive MeiLciiie, Moilros 

Report of the Madras Fisheries Deportment 

Science and Culture 

Seismological Bulletin of the India Meteorological Department. 

Soientific Notes uf the India Motoorologu ul Deportment 
Siam Soieiititic Bulletm 

Statistical Lioodets of tho Iiuliaii Central Cotton Committee 

Summary Proooeilings of tho Meetings of tho Indian Central Cotton Comuatteo 

Tho Mathomatios Student 

Transaotiuns of tho Mimiig, Geological and Metallurgical Institute of India 
Transactions Calcutta Medical College Ro Union. 

Foretgn 

Amenoan Museum Novitates, Nevr York 
Annals Jardin Botoniquo, Buitenzorg 

Annual Report of the Geological Survey Department of Uganda 

Biennial Report of Bisect Contrel Work conducted by the National Agricultural Research 
Bureau, Chunking ^ • 

Biological Bulletm of the Marine Biological Laboratoiy, Woods Hole, Mass , UB A. 
Benohte der Deutsohen Obenuschen Qesellschaft, Berlin. 
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Bulletin of the Oanada Department of Mines 
Bulletin of the Qeologioal Survey of Uganda 
Bulletin of the National Museum of Canada 

Bulletin (Herba^ Fublioation Senes), Impenal Bureau of Plant Qenetius, Aberystwyth 

Bulletin of tho U S National Museum, Washington 

CoUooted Repnnts of the Woods Hole Oceanographic Institute 

Contnbutions from the U S Herbanum, Washin^n 

Crop Reports of the National Agncultural Research Institute, Nanking 

Expenment Station Record, U 8 Department of Agnoulturo, Washington 

Himalayan Journal 

International Revue of Agnculture, Rome 
Journal of the Amenoan Chemical Society 
Journal Sanghai Institute of Science 
Memoirs of the Canada Department of Mines 
Notes from the Royal Botamo Cardens, Edmburgh 
Proceedings of the Royal Society of Edmburgh 
Frooeedings of the U B National Museum 

Papers in Physical Oceanography and Meteorology, WimxIh Ifulo Ouiaiiogiupliic Iiistitiiti 
Report of tho National Ro^roh Council, Washinglxm. 

Report of the National Agricultural Rosoarrh Bureau, Chungking 
Report of the Canada Department of Mines 
Soripta Mathematica, New York 

Tocnmcal Nows Bulletin of the National Bureau of Standards, WaslimgUm 
Transootioiu and Proceedings of tho Botamoal Society of Bilmburgh 
Treubia 



THE NATIONAL INSTITUTE OF SClh-rsCES OF INDIA 
tempts and Payments Account for the year ended 30th November, 1939 
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APPENDIX VII. 


BUDGET ESTIMATE FOR 1939-40 



1938 39 

19J8 39 

Estimate for 

Ordinary Recapte 

Rstunato 

Actuals 

1939-40 

Subflonptions 

5,600 

6,440 

6,600 

Interest 

Contributions towards publication of 
‘Indian Science Abstracts’ 

Sale of Publications includini; ‘Indian 

1,200 

1,347 

1,400 

600 

GOO 

600 

Science Abstracts' 

100 

700 

600 

Grants in aid 

700 

700 

800 

Grant in-aid from Government of India 
Miscellaneous Receipts 

6.000 

6,000 

33 

6,000 

Contribution from (lenoral Fund 

2,460 

2,713 

4,060 


16,660 

17,633 

18,760 

Hxtraordinary RecnpUt 

Admission Foes 

320 

256 

320 

Compounding Fuus 


274 

131 


320 

630 

461 

Ordinary Paymentt 

Solanos and allowances 

Publications mcluding ‘Indian Soienee 
Abstracts’ 

Contributions to oo uporating academies 

2,700 

2,920 

3,300 

9,000 

10,346 

10,600 

under Rule 19 

1,200 

1,128 

1,200 

Furniture 

600 

116 

400 

Postage 

600 

661 

600 

Stationery 

160 

144 

160 

Audit Fee 

Honoraria, etc for preparing abstracts 
for'lmban Science Ai^tracts’ 

60 

60 

60 

1,200 

1,377 

1,300 

Travelling 

600 

169 

600 

Office Rent 

600 

600 

600 

Miscellaneous 

160 

133 

160 

Extraordinary Payinenta. 

16,660 

17,633 

18,760 

Funding of Admission Foes and 

Compounding Foee 

320 

630 

461 
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MADRAS, 1940 


By Brkvbt.Cot.onel R N Chopra, 0IJi!,MD,8cD,FRCP, 

1 M S {Retd ), Directory School of Tropical Medtcim, Calcutta 

I Genbbal 

In the first Annual Address to the Institute, which was delivered at 
Annual Address January 1936, Sir Lewis Fermor made a suggestion 

with regard to the type of address tliat the Presidents of 
the Institute should deliver annually His suggestion was so judicious and 
practical that it wivs willingly ailopted by his successors, and followmg this 
lead I also propose to preface the mam part of ray address with a brief review 
of the activities of the Institute during the past year of my office as its President 
My immediate predecessor, Prof Mogh Nad Saha, F R 8 , during the two 
years of his office as President devoted so much time and thought to the work 
of the Institute that we wore all very sorry when his term of office ended 
1 wish I could have devoted that much time to the work of the Institute, 
but unfortunately with my other duties, this has not been possible I have, 
liowovor, tried my best to keep up tho tradition of my illustrious predecessors, 
and I hope that I have, at least, succeeded in directing and maintaining the 
policy of tho Institute along the right linos 

8mce our last Annual Meeting at Lahore the affairs of tho Institute have 
progressed m a satisfactory manner It is a matter of 
congratulation that notwithstanding the stress of oconomio 
conditions our material prosperity has romamed almost 
unabated dunng the last 12 months It is true that wo have received no 
fresh donations and that a number of our annual grants also have not been 
paid up, but we hope that this state of affairs is only temporary and that 
no senous repercussions resulting from tho war in Europe will adversely 
influence our progress The activities of the Institute have naturally 
been restneted to some extent by the prevaihng abnormal conditions, but 
our record of the past year’s activities, as detailed m the Annual Report, 
reflects great dledit on the Council of the Institute and its administrative 
officers for the conduct of its affairs 

Tho number of our Fellows at the begmnmg of the year was 167 Ordmary 
Fellows and 17 Honorary Fellows Three Ordinary Fellows 
resigi^ed and 11 Ordinary Fellows and 4 Honorary Fellows 
were elected during the year. The total number at present is 165 Ordinary 
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Fellows and 21 Honorary Fellows This number, considering the prevailing 
conditions in the country and the statutory limitations m regard to new 
elections, is satisfactory, but the Council will have to consider at an early date 
ways and means for extendmg the Fellowship if the activities of the Institute 
are to be maintained and extende<l 

Our annual general meetings have followed the annual meetings of the 
Indian Science Congress Association over smee the fiist 
t^nnstitute Mooting at Indore m 1936 The last Annual Meeting was 
hold in the Hailoy Hall, Ijahoro, on the 2nd of January, 
1939 Owing to ill-health Prof Mogh Nad Saha, the President for the year, 
unfortunately could not attend the meeting and his address had to bo road 
by Dr S K Mitra A full account of the meeting was published in the 
Proceedings Two additional General Mootings moi-o held during the year, 
one on the 6th of April and the second on the 26th and 26th of August, 1939 
in the hall of the Royal Asiatic Society of Bengal An important symposium 
on ‘Coal in India’ was organized for the second meeting by Dr C S Fox, 
Director, Geological Survey of India, on behalf of the Institute The 
symposium embraced all significant aspects of the important problem of the 
mam fuel resource of this country and it is hoped that the papers which wore 
presented durmg the symposium and the discussions which followed on them 
will lead to results of practical importance to the country A detailed account 
of this symposium and of the papers read will, it is expected, be published in 
our Proceedings at an early date I am glad to be able to say in this connection 
that as a result of the discussions during this symposium an important resolution 
urging the necessity for the formation of a Fuel Research Board in India was 
passed by the Institute This resolution has been forwarded to the Government 
of India for their consideration, and it is hoped that it will result in some 
practical steps being taken for the formation of a Fuel Research Board and the 
protection of the highly important coal industry of the country 

The Council hold seven Monthly Meetmgs for the transaction of ordinary 
Resolution business and an emeigency meetmg on the 6th of September 
on War outbreak of the war m Europe, at 

which the foUowmg resolution was passed 
‘The President and Counoil of the National Institute of Sciences of India, 
on behalf of the Institute, loyally place their expert scientifio knowledge at 
the disposal of the Government in the present onsis ’ 

This resolution was communicated to the Private Secretary to His 
Excellency the Viceroy, and I am sure all the Fellows of the Institute will 
be glad to render such expert services as they possibly can during the present 
oruiB 


A committee was appomted during the year to consider the replies received 
Science and ^ ooimeotion with the questionnaire on Science and its 
Social Relatione relations— a work which the Institute had undertaken 

to do on behalf of the Government of India It is hoped 
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that the oomnuttee will soon bo able to report and suggest the neoesaary 
action that should be taken in the matter 

The j>ubIication of our Proceedings and Transactions has been contmued, 
Publications throe numbers of the former and two of the latter having 
been issued durmg the year The work in connection with 
out tliird publication tlio Indian Science Abstracts is particularly arduous, and 
our General Editor, Dr Bnini Prashad, deserves our gratitude for the able and 
expeditious manner in which the pubhcations of the Institute have been brought 
out He has on several occasions explained the diihcultios in the matter of 
prompt publication of the abstracts of literature for any particular year, 
m spite of sustained efforts only 3 parts of the Abstracts for 1030 and 1037 
could bo published during the year It may also be mentioned that tlus work 
18 very expensive, and though the Council of the Institute is grateful for the 
grants-iii-aid received and the oo-ojieration of the associate eilitors and 
various other bodies who have helped in this connection, the continuation and 
publication of this work within a reasonable time will depend on more funds 
being available and the active support of all scientists and scientific bodies 
throughout the country The work in connection with this publication is 
becoming more and more heavy, and we cannot possibly expect Dr Prashad 
to give us any more tune tlian he is already devoting to this difficult task 
It will eventually mean the apjiointment of a paid Assistant Editor, but 
unfortunat-oly our finaiuial resources at present do not allow of any more staff 
Wo hope, however, that things will improve and this important activity of the 
Institute will continue to flourish 

Sir Lewis Fermor lu discussing the programme of work of the Institute 
in 1935 announced that the Council proposed 'to resuscitate 
in a different form the labours of the Board of Scientific 
Advice by pubhshmg annually a review of the progress 
of Science in India ’ Owmg to the very onerous nature of the task and the 
inherent difficulties m its execution, it has not been possible to issue such a 
review up till now, and it is very doubtful whether with our present resources 
wo will evei be able to issue such a work every year Fortunately for us very 
detailed reviews of the progress of Science in India in all its branches by 
vanous authorities up to the end of 1937, with an excellent summary by the 
editor. Dr Bami Prashad, were included m that monumental pubhcation of 
the Indian Science Congr^ Association — ^'The Progress of Science in India 
durmg the past twenty-five years’. I have carefully considered this question 
durmg the past year, and while invitmg the views of the Fellows of the 
Institute, suggest that instead of an Annual review we may plan a Qmnquennial 
review, and the first issue should deal with the period 1938-42 If this view 
commends itself to the scientists all over the country, we will have to start 
gettmg together the material immediateljy so as to have the work ready for 
issue m )943, 


Quinquennial 

review 
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Objects of the 
Institute 


I have already referred to the question of finances of the Institute As 
Finance detailed in the Annual Report, we have received a number 
of annual grants from the Government of India, various 
Universities and other bodies, but the grants arf- not nearly sufficient for the 
work which the Institute has to carry out Unfortunately it has not been 
possible to get any grants from any of the Provincial Governments so 
far, and T would again appeal to all of them for generous financial support, 
which alone would enable the Institute to perform all its functions efficiently 
Our Institute was founded to fill an urgent noeti so keenly ielt by scientific 
workers all over India for a body which could co-onlinat(> 
the work of various scientific societies, institutions and 
Government scientific departments and services throughout 
the country With this end in view the Organizing Committee of the Inst ituto 
wisely laid down the first five main items of its programme as follows — 

(«) The promotion of natural knowledge in India including its practical 
application to problems of national welfare 
(6) To effect co-ordination between scientific aoinlemios, societies, 
institutions, and Government scientific departments and services 
(c) To act as a body of scientists of eminence for the promotion and 
safoguaixling of the interests of scientists in India and to roprosont 
internationally the scientific work of India 
{d) To act through properly constituted National Committees in uluch 
other academies and societies will be associated, as the National 
Research Council of India, for undertaking surh scientific work 
of national and international importance as the Council may be 
called upon to perform by the public and by Government 
(e) To publish such proceedings, journals, memoirs and transactions, 
and other publications as may be found desirable 

Since its foundation in 1035 the Council of the Institute has left no stone 
unturned to further this programme, but financial and other difficulties have 
been a serious hindrance in the full performance of some of its activities. The 
publications and meetings of the Institute have been arranged with a view to 
bnngmg to the notioe of the authorities and the general public the very 
important and pressing question of exploring and developmg the material 
wealth of this vast sub-continent and for haruessmg the scientific resources for 
tbeir proper exploitation Pious resolutions alone, however, cannot supplant 
active measures which are essential for developments of the type indicated 
above, 

India has fortunately been nobly endowed by nature with all that any 
Resourcee of country can possibly need While primanly an agnoultural 

" India country, with extensive agnoultural and forest lands capable 

of yielding almost all kinds of foodstnfis, timber and other 
eoonomio {sroduots, it also has very nob resouroee of various minerals on which 
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dopends the highly industrialized life of the present times Its power resources 
in the way of coal and water power are also very extensive, but have not 
been adequately developed Acoording to Sir M Visvesvnrayya only 2% 
of the Hydroelectric resources of India have so far been dovelopeil In those 
nwpects India can rightly be designated as one of a triumvirate with the 
United States ot Ameiica and the Russian Socialist Federated Soviet Republic, 
the only two other countries of the world which have almost unlimiteil 
agiicnltural, mineral and iwwoi rcMmices As compared to the other two 
units of this triumvirate, however, those i-osoiirces in India have for want of 
a systematic policy of industrialization not been dovelojxHl, and natuuilly, 
therefore, India stands very low in the list of industiialirod countries ot the 
liresont dny This unfortunate position of India w intimately connected 
with the organization and development of scientific and tcshmcal wlucation 
and research in the (onntry and the lack of an indnstii.il policy A very 
s('iionH situation has suddenly arisen as a result of the war wJiuh Gonuany 
has torced on the world and the roperciissions of which are already materially 
influencing bfe in oveiy country Its direct effects on India are already 
becoming a source of great concern both for tho authorities and the public 
at largo, as we are dependent for tho great majonty of manufactured com- 
modities on imjiorts fiom foreign countries This has been brought home 
to mo very forcibly in connection with the drug industry, which seemed to be 
apfMirontly making a headway, but the outbreak of war has brought to tho 
fore tho very serious problem of the supply of the basic materials for tho 
manufacture of medicinal preparations practically all of which wore being 
imported from foreign countries Tlua is a situation which no self-respect- 
ing country should face with equanimity It would not, therefore, be out of 
place if I may briefly review tho situation to-day and indicate the urgent 
necessity for tho proper planning and organization of scientific research as 
this alone will make it possible for India to assume its proper plate in the 
comity ot nations, and bo ns independent as possible of imports from other 
countries of oven the daily nocossitics of life 

Sir Lewis Formor and Dr Baini Prashad have within recent years 


Progress of 
scientific educa- 
tion and research 


discussed the organization and progress of scientific educa- 
tion and research in India, and tho late Lord Rutherford 
also included a brief review m his Presidential Address 
to tho joint session of tho British Association for the 


Advancement of Science and the Indian Science Congress Association in 1938 


It would, therefore, suflBco if I include only a very brief summary here 


Education on Western lines was introduced into India within comjiaratively 
recent tunes and it is, therefore, remarkable that its progress in the country 


has been so rapid The first universities m this country were founded at 


Calcutta, Bombay and Madras in 1867, but these and others founded in the 
latter half of the 19th century were only umversxties of an aflfihatmg type and 
their energies were mainly directed towards examuung students for varums 
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oxaminatiouH and degrees, rather than serving as centres of teaching or research 
With the jmssing of the University Act of 1904, however, most of the universities 
instituted courses for advanced studies and special Honours courses in scientific 
subjects and, by the appointment of professors and lecturers and the extension 
of libraries and laboratories, materially advanced the cause of scientific 
teaching and oiigmal research m the country A start had been made in 
regard to sdentific edm‘ation in the latter half of the I9th century, but this 
toadnng was mainly confined to preliminary studies rather than more 
advanced teaching or research The major part of advances to our knowledge 
in the Hoiontific sphere m India up to the beginning of the 2()th century 
was due to the scientific departments of the Government and work of 
ind(»pendent workers who devoted their spare time and energies to studies 
in subjects whuh interested them In a number of cases such devotion to 
researih was looked down upon, and I cannot do better than cite the 
classical example of Sir Honald lloss who was actually rebuked for devoting 
all his spare time to the study of mosquitoes, this incidently resulted in the 
discovery of the very important role played by mosquitoes in the spread of 
Malaria 

University education since this period has progressed at a remarkably 
rapid rate, but the reorganization of the secondary school system to 
guarantee a sound basic education and primary scientific training, and the 
reorganization of the University studies with a view to ensuring a sound 
knowledge of the tundamental sciences to servo as a founilation for 
lulvancid study and research are still urgent desiderata 

In the rocontly reorganized teaching universities in addition to their 
capacity for imparting training in vanous scientific subjects, 
research qualifications in the case of the professors and 
lecturers were rightly regarded as requisites for appointment 
and promotion, but Prof Baha nghtly pointed out the 
defects of the presont'day situation when he remarked 
that ‘owing to intrigues by vested interests, and defects m the constitution, 
these ideals are being lost sight of, nay even abandoned in many of the 
umvorsities, and some of them are bemg reconverted to the high school stage 
from which they were rescued by the reforms of 1921-22’ 

After the World War of 1914-18 greater attention waa paid to the re- 
organization, on a more extensive basis, of the vanous Government scientific 
departments and research institutions, and a number of special research 
institutions were founded Unfortunately the Board of Scientific Advice, 
which the Government of India had established in 1902 for the co-ordination 
of scientific work earned out by its oflScial agencies, was closed down in 1924, 
and though proposals for the foundation of a National Research Council to 
replace this Board have been under consideration for several years, the scheme 
has not hitherto materialUBed The Indian Research Fqqd Association which 


Necessity for 
development of 
research acti- 
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was founded in 1911 for the prosecution and assistance of research in connec- 
tion with the causation, mode of spread and prevention of diseases in India 
has been carrying on a very useful work, but for want of funds its activities 
have been greatly restricted since 1931 The Imperial Council of Agiicultural 
Research constituted m 1929 and the Indian Central (jotton Coinmitteo and the 
Indian Central .lute (kiininittee, have done very valuable service in airanging 
agricultural, technological and economic research in connection with agiiculturo, 
in efFotting the improvement of vaiious types of iro|)s, and in studying the 
factors connected with the marketuig of the products, but even hero lack of 
funds has been a seiious hindraiue in the way of progress Though a number 
of official organisations exist for the development of Medical and Agricultuial 
llosoarch, there aie no institutions worth the name for tl e advancement of 
Industrial Restmreh Various private bequests ri'siilting in the Indian 
Association for the Cultivation of Science, Calcutta, the Tata bequest 
resulting in the foundation of the Indian Instituti* of Science at Bangalore, 
Sir Tarak Nath Palit, Sir Rash Behary Ghosh and Khaira bequests loading to 
the establishment of the University College of Science at Calcutta, the Bose 
Research Institute, Calcutta, founded and endowed by Sir Jagadish Bose, 
Rai Bahadur Lakshminarain bequest to tho University of Nagpur, the Maharaja 
of Joypore bequest leading to the foundation of tho Science Departments of 
the Andhra University, < ontributions from the Rockefeller Fouiulation towards 
tho All-India Institute of Hygiene and Public Health and tho Attock Oil 
Company bequests to the Punjab University are rospunsiblo for tho creation 
of a number of important agencies for tho advancement of higher teaching 
and research in various sciences With all those, however, the facilities for 
teaching and research in various sciences in the vast sub-continent of India 
have been and still are very limited, and it is, therefore, a matter of real pndo 
that m spite of these handicaps Indian students of science have, during this 
short period of a little over a quarter of a century, justified their capacity for 
original mvestigation In the words of tho late Lord Rutherford ‘India is 
now taking an honourable part and an over mcreasing share in tho advance 
of knowledge in pure science ' As Prof Saha, however, very oi^ently pointed 
out, ‘the time has now come not only to strengthen the scientifio surveys and 
the research atmosphere of the universities, but we ought to enter on a third 
phase, namely, scientific research should now be applied for solving 
tho industrial problems of the country’ 

Lord Rutherford in his Presidential Address, already referred to, gave a 
Value of Ind valuable summary of the organization of industrial 

trial Research ' Great Britain, and, though great differences 

exist between agricultural and mdustnal conditions in 
Great Bntain and India, it would be of value to give here a bnef summary of 
how the Bntish Government have contributed to the promotion and organi- 
zation of mdustnal and agnoultural research m the penod since the World 
War of 1914-18 
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Prior to tho World War progress in industry ‘depended, in the main, on 
the brilliant contributions of individual workers, rather than on any systematic 
attack by scientific methods on the problems of industry’ The World 
War, however, brought the industrialists and tho men of science into closer 
contact to their mutual benefit The Government also recognized that a 
more systematic application of science and research over a broader field was 
essential in tho national interest, and in 1916 a special Department of Scientific 
and Industnal Research was founded This was followed by the Medical 
Research Council m 1920 and the Agricultural Research Council in 1931 In 
fact the establishment of tho Department of Soiontifio and Industnal Research 
marked the first organized measure taken in Great Britain for helping industry 
through the application of science Several new organizations controlled 
and financed by this Department woio sot up to deal with tho scientific aspects 
of the use of fuel, of the storage and tiansport of focnl, of buildings, roads, 
etc , and tho famous National Physical and tho Chemical Rcseaich Laboi atones 
at Toddington were- developed under tho aegis of this Department As a 
result very important national organizations have been built up for the 
investigation and appUcation of sciouco to various problems connected with 
the dady life of the people and the nation’s industry as a whole ‘ In tho British 
organizations there is no political atmosphoro, but of course the responsibility 
for allocating the necessary funds ultimately rests with the Government * 
Tho planning of the programmes of rosoarch, however, ‘rests with research 
councils or committees who are not themselves State servants but disbinguislied 
representatives of pure science and industry’, this work being mainly m the 
hands of the Advisory Council of the Department of Scientific and Industrial 
Research Similar research organizations under tho control of Research 
Councils or corresponding bodies, which have boon sot up in Canada, Australia, 
Now Zealand and South Afhca, are responsible for the rapid scientific and 
industrial developments in these dominions 

The late Lord Rutherford in discussing the development of industrial 
research m Great Britain remarked 

‘Even in a large country like India, where the resources and needs of the 
different Provinces are very varied, it seems to me essential 
serrch°"^Councii efficiency that the organization of research should be 

for India national rather than on provincial linos The settmg 

up of separate research establishments for similar purposes 
in the various provinces cannot but lead to much overlapping of work and 
waste of effort and money Such a central organization of research does 
not necessarily mean that the scientific work should all be concentrated m a 
single laboratory ’ If research work is to be of real and lasting value it must 
be earned out in tho interests of the country as a whole and not of any particular 
province or area As was well summed up m a leader in Nature , ‘ This 
necessitates careful planning and oo-ordmation of vanous schemes for research 
in all branches of science, whether pure or apphed In formulating the future 
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policy, India should profit by the experience of Canada and Australia where 
the working of tho scientific departments of the State or Provincial Governments 
vta-d-vts those of the Central or Federal Government has shown that tho 
research organizations of tho country should be truly national and responsible 
to tho Federal Government alone Tho detailed planning of research must 
bo in tho hands of those with the notossary 8|Kicializod knowledge, and they 
must be able to act without suspicion of political or racial influence ’ In othei 
words, a plea is m<i<lo foi tho foundution ol a Niitionai Itosearch Council in 
India on the hues ot tho body wlmh over since its (onstitution has boon 
rendermg such useful seivno in Grcat Biitain Tho Council should not only 
define tho policy but act as an oxpt*rt advisory body for planning and co- 
ordinating all scientific lesoarch in tho country The planning of scientific 
policy and co-ordination of resi'aich should bo so ai ranged as to preclude 
duphiation and avoid wastage of talent and available funds, but without 
in any way restricting tho normal work of tlio universities, scientifio departments 
and institutions, or in any way curbing individual initiative which is always 
so essential for high class research Such an authoritative bcxly should also 
bo able to help in bringing about the necessary reforms in the existing system 
of scientifio education Tho Council should be liberally endowed so as to be 
independent of annual appropriations for caiTying out all its programme of 
work 

Pure scientific research is as essential as that specifically devoted to the 
attainment of any industrial object Wliile industrial 
Industria^*^ Re** confined specifically to investigations which have 

a direct bearing on tho development of any mdustry, it 
would be a truism to assert that discoveries made in the 
domain of pure science may and often find application in industries at a later 
date, and that ‘industrial application, though its precise form cannot always 
be foreseen at tho time, has come to be an expected mcident m the after- 
life of the discoverv’ This principle is fully aceoptod in the highly organized 
maclimery for industrial research in the United States of America, and as a 
result a groat deal of importance is attached to researches in pure sciences 
The connection of such researches with any of the mdustnes is often not obvious, 
but all the same they are encouraged m the hope that they may provide tho 
raw material for mdustnal research, and further owing to the intordependenoo 
of different investigations, progr^s m any one science may have a very marked 
bearing on the development of others Industrial research work in the United 
States of Amenoa, aooordmg to Flemming, has developed along oertam definite 
stages. 

(а) Industrial research applied to the elimination of manufaotunng 

troubles 

(б) Besearoh bavmg some new and specific oommeroial object. 

(c) Research in pure scienoo with no speoifio commercial apphoatiop 
m view. 
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(d) Research apphed to pubho service 

(e) Research for the purpose of establishing standard methods of 

testing and standard speoifications connected with the purchase 
of raw matenala 

Research laboratories m the States are attached to or supported by 
manufacturing corporations, associations of manufacturers, umversities and 
colleges, national institutions, commercial laboratories and scientiiio societies 

Apart from numerous endowments and appropriations made for research 
to various universities, colleges and Government departments, there are in 
the States a large number of funds that have been established for the endow- 
ment of scientific research alone Though a number of them are for the 
promotion of industrial research, others were founded for providing the 
necessary funds for moilical, astronomical and general research in other 
sciences In 1917 a National Research Council was appointed by the National 
Academy of Sciences at the request of the President of the United States 
This Council includes the most prominent research men in the States and all 
departments of research are fully represented Its object is to co-ordinate 
the scientific research work of the country in order to secure efficiency in the 
solution of the problems of war and peace, and this (Council has rendered 
possible the nationalization of research in the country Selection and traimng 
of research men have also boon given special attention to, and it has been 
found that ‘ while full credit should be given to the gemus who can often achieve 
so much with very limited faoihties, it is a fallacy to assume that research 
work of groat value cannot be carried out by men of more than average attain- 
ments This IS illustrated by the succras achieved m many of the laboratories 
in the States, where, with smtable orgamzation, important mvestigations 
both directly connected with mdustry and in pure science have been successfully 
dealt with by men of no more than average abihty workmg under competent 
direction’ 

Industry has rightly been styled as the basis of national prosperity, and 
it IB, thoroforo, necessary that every resource should bo used to facihtate its 
progress In this oomicotion research la of the utmost impoixanoe and it 
must be regarded as an indispensable weapon with which to develop industries 
of any country and to cope with international competition 

The National Planning C!ommittee which has been working m Bombay 
for the past several months is collecting detailed data m regard to industnah- 
zation of the country m all its aspects and other national problems, and it is 
hoped that its work would prove valuable in laymg down the lines for future 
development m tbe country 

1 have given you a bird’s-eye view of the orgamzation and development 
, of scientific research and studies m India up to the present 
day, and of the lines followed m Great Britam for the 
organization and development of soientifio research, both 
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pure and apphed, the latter with particular reference to the needs of industry 
and tht life of the people I have also incidentally referred to the development 
of similar machineries in Canada, Australia, New Zealand and South Africa, 
and, finally, to the highly organized system in the United States On the 
analogy of these great mdustnal countries, 1 give below the outlines of a 
scheme for developing a similar organization in India to plan and co-ordinate 
research saas to avoid wastage both of talent and funds, preclude duphcation, 
employ the available scientific personnel to the best advantage, and, finally, 
to arrange for the traimng of a much larger numlier of research personnel to 
supply the needs of the developmg industry 

Starting from the top 1 consider it absolutely essentml that then' should 
bo a separate department of the Central Government coi responding to the 
Department of Industrial and Scientific Research m Great Britain It should 
be staffed by scientists with administrative experience and not by civihan 
administrators, and this I consider to be the absolute a^ne-qua-Twn of the 
whole scheme Civihan administrators, though they are admirably suited to 
carry on the civil and mihtary side of the Govornmont, have unfortunately 
seldom reahzed the exact needs of Scienct* in the country, and as a result 
the progress of Science m India has been materially slowed down, if not 
actually hmderod The Department should have an Advisory Council, the 
National Research Council, constituted on the luies of the Research CJouncils 
of other countries for planning and co-ordinating research, to promote 
and develop not only scientific but mdustnal research m the country, and 
hnally for devising ways and moans to make India mdei^mdent, so far 
as possible, of foreign imports by a well-planned survey and development 
of its economic resources It is only then that it would be possible for 
this country to assume its right place among the industrially developed 
oountnes of the world With a view to harnessing Scient® m the service of 
Industry, the proposed Department and its Advisory Council will also have 
to explore ways and means for extending the oxistmg machinery of sciontihc 
education in the country, from the school to the uiuvoi-sity stage, develop 
apphed scientific training and research, and finally to see that resoarcb, whether 
m pure or applied sciences, is undertaken with a definite end in view and not 
only as a means for self-glorification. 

I have only given the broad outline of the scheme, us 1 am of the opimuii 
that its details can only be evolved after careful consideration of the pros 
and cons by an expert comnuttee on which all elements of science and industry 
in the country are fully represented Let us hope that this scheme will 
commend itself to the Government and that steps will bo taken at a very 
early date to bring into being such an ageni^ , this alone will enable the country 
to steer a safe course m the fime of the Armageddon which is now threatening 
the world. 
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n Indian Flora, its Medicinal and Toxic pROPERTiBa 

I oomo now to the socond part of ray address For the past twenty years 
I have been interested in the Indian flora in connection 
Poisonous Plants medicinal and toxic properties of the difierent 

plants and I propose to present to you some of the aspects 
of this work which are of interest both from the scientific and economic 
points of view I have selected this subject as owmg to the outbreak 
of the war, the question of the supply of medicinal drugs in this country 
has assumed considerable importance, and I fuel that a review of this 
work may help at least towards a partial solution of this vital problem 
Further, the significance of the large numbers and wide prevalence of the 
plants toxic to man, livestock and insects has nut so far been fully appreciated 
in this country, and 1 hope that this review will stimulate interest m this 
direction Vast as the vegetable resources of this country are, I am convinc'ed 
that they are not being properly exploited to the best advantage of the people 
of this land 

General considerations 

The extreme variability that India presents in its meteorological and 
climatic conditions as also in its topographical features is 
topog^raph^ perhaps unrivalled in the world The tremendous range 
of variation of tomporature from 126°F in summer at 
Jacobabad to — iO^F m winter at Dras and the prevalence of arctic conditions 
throughout the year in some of the Himalayan ranges, rainfall from 430 inches 
at Cherrapunji in the hills of Assam to less than 5 inches per annum m the 
desert areas of Rajputana, saturation of air with moisture m the coastal 
distncts and in the hills dunng the south-west monsoon to penods of practi- 
c-ally zero relative humidity m the dry weather during the north-east monsoon, 
are some of the interesting contrasts presented by the country No less striking 
are its physical features It has the most massive and the loftiest range of 
mountains m the world, the Himalayas, there are also lower hills and plateaus, 
extensive rich alluvial plains, sandy wastes and deserts, hill streams, mighty 
nvers with their extensive deltaic and estuarine systems, numerous lakes, 
canals, ponds, tanks cmd extensive marshy tracts, sandy or rocky coasts 
spread over an area of 1,676,107 square miles It has m fact been descnbed 
as an epitome of ahnost all climates, seasons, and soils of the Bntish Empire 
Under these conditions it is not surpnsmg that India has one of the nchest 
and oertainly the most vaned flora of any area of similar size on the surftme 
of the globe 

Roughly speaking, one-fifth of the Indian Empire is occupied by forests 
of different kmds. There are evergreen forests occupying 
In^n**^egeto^ Peninsula up to the ndges of the 

western mountam oham, and the lower slopes of the Eastern 
Himalayas, with their magnificent and majestic trees, 
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the ‘sky scrapers’, and the Carnatic evergreens characterized by the compara- 
tively smaller size of their trees A largo part of the Peninsula is covered by 
the deciduous type of forests which are very valuable to the country There 
are the dry forests of Rajputana and the Punjab which are also spn.>ad ovei 
a large area of Indian States, these become drier and dnei towaids the west 
and south-west and disappear into the deserts on both sides of the lower Indus , 
there being very little vegetation of any kind in the tlrcat Indian l)t*Hcrt itself 
Many tidal creeks and backwaters along the coasts of India, chiefly the lieltas 
of rivers, such as the Sundribaus are covered with another type ot evergreen 
forest, the tidal or littoial, where tntuiy plants send up from their undei ground 
routs a number of aerial roots for respiration The massive chain of the 
Himalayas with its tiupual, temjierate and alpine flora presents unique 
features The eastern Himalayan flora differs remat kably from the western 
in several respects m addition to the disappeaiance of the tropical tviio as 
the extreme north-west is leached It is in this chain that the highest limit 
of vegetable lile on earth has lieon recorded The tree limit in the Westein 
Himalayas corresponds roughly with the snow-lme, t e , 12,00U ft above 
sea level, above which a variety of beautifully coloured flowers flouiish 
Aquatic or semi-aqiiatic types of vegetation are found in the tanks, jhiis, ponds, 
water-courses, and swamps all over India, particularly in Hengal Ijostly, 
there are areas in the plains, as well as in the hills, especially in the formei, 
which have, through the influence of man in search of more and more agricul- 
turally exploitable land, lost much of their original characters Another 
feature of the Indian vegetation is that in oiio season of the year vast areas 
in the plains of India are the settno of plenty for man and animalH , in another 
they become a dreary brown Hunburnt waste whore herbivores starve by 
the thousands and where it passes human understanding how any creature 
dependent on plant life can survive the dry season 

The Indian flora is closely related to that of some other countries, and it is 


Relationship to 
other floras 


interesting to remark that none of the families of flowonng 
plants 18 peculiar to this country There is a very great 
preponderance of those genera and species which are also 


found in the adjacent countnes Malayan, Burmese and Chinese genera are 


specially well represented in Eastern India Next m order come European 
and middle oast floras which are particularly strongly represented in Western 


India, and of the typically European elements there are twice as many in the 
Western as m the Eastern Himalayas Nearly 600 European genera are 
represented in India, many of them by a single species, and the middle eastern 


element is certainly, as is to be expected, no less prominent Afnc^n, 
Austrahan and Amencan elements follow these in decreasing proportions, 
the African flora being more noticeable in Western India Recently there 
has been an influx of Amencan species, with their remarkable tendency to 
spread Tibetan and Siberian floras only reach India in the alpine regions of 
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tho Himalayas, while Chinese and Japanese elements are strongly represented 
m its tomporato bolts 

Medicinal Plants of India 

India aboiiiids m all kinds of food plants, sputes, perfumes, timlK'r, hbres, 
. gums, etc , wIikIi have been known all over the world from 

Cv<?ncrui 

aiK lent times There aie moie than about 7(X) important 
fodder plants ineluding about 2fi0 sjKuies of valuable fodder grasses It is not 
surprising, themfore, that ])l.tnts i ont.iining a< tive and inediunal jirineiples also 
grow abundantly within its liouiids More than 2,000 plants, out of a total of 
alioul JJ,(MK) species found in India, are alleged to have mcdiimal projierties 
of some desiiiption or other and have been enumerated in tho literature of 
indigi'iious meduine Neaily three-fourths of the drugs mentioned in the 
British and other Pharraacoj)oei.is grow here in a state of nature and others 
can b(‘ easily grown Indeed, this country is a veritable emporium ot dings 
Tho families to whuli tho larger numlKirs of me<licmal plants belong aio 
Tjegiiniinosao, Compositim, T^vbiatao, Kuphorbiaci^ao, Rtibiaceae, Uosaeeae, 
(iiaiiiinoae, Lihaec'iu', Hutact'iie, llanunculaceae, Umbelhferac, Cucurbitaceae, 
Solanaieao, Apoeynaceao and MaIvaee.io 

It stands to reason that all those 2,000 o<ld plants cannot have the 
wonderful virtues attributed to them, but it is behoved that there are some 
of these which might rightly deserve tho reputation they have earned as cures 
It was to find out what the so wore that thoir study was first begun in the 
early pait of the last century Although many workers including Jones, 
Ainsho, Roxburgh, O’Shaughnessy, Moodocn Sheriff, Dymotk, Watt, Kirtikar 
and Basil and others (arruHl out laborious investigations, tho pharmacology 
of most of tho indigenous remcHlies remained an unexplored field till recent 
yo.irs 

Modiemo is intimately related to chemistry and oxponmontal work on the 
pharmacological side can only bo earned out in laboratories properly equipped 
with iiKKleni appliances None of these were available in this country till 
tho (^aUutta School of Tropical Medicine was established in 1921 Then 
foi the first time projwr collaboration between chemists, botanists and 
pharmacologists was rendered possible, while arrangements for clinical trials 
of tho di ugs were mode by the establishment of the Carmichael Hospital for 
Tropical Diseases Work on meil icmal plants was thus started by my colleagues 
and myself and our first main objective was to make India self-supporting by 
enabling her to utilize drugs produced m the country and by manufaotunng 
them in a form suitable fur administration There are a number of drugs 
of established therapeutic value which are in use in tho pharmacopoeias of 
different countries Tho majority of these grow wild in great profusion in 
many parts of India and a certain number are even cultivated If these 
resources could be utilized and the finished products manufactured, treatment 
of many diseases couhl be brought within the means of the Indian masses 
whoso economic condition is unfortunately of a very low order 
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A nunibtirof imiKjrtant drugs, oxtoiwively ustxl by tlio inodu.il piofossion, 
however, are neither found wild nor have tM> far Ih>oii <ultivat('<l m India 
Cultivation of sueh drugs is vt>ry iniportant fioin an economic punt of view, 
and sdentific research in this diroction, as is Isuiig eninod out in olh(‘r 
countries, would bo very fruitful It is a niatt^M of mgmt that liidi.v is still 
im|K)rting large ejuantitios of erude elrtigs in spite of the fact that practically 
every couceuvablo pharmaoopcx'ial drug can lie grown within her iKuuids The 
history of the cultivation of cinchona, eucalyptus, digitalis, etc in India c Ic'arly 
shows that the cultivation of niodieinal plants is pi-egnant w ith i ic h possibilities 
if taken up on profier linos Tt is gratifying to note that more and mom 
intei'est is now Ixung taken in this diiectioii A list of iuimIk inal plants which 
might with advantage Iki cultivated has been pri juic'd and is available foi 
those interested in such develojunenl 

Our second objective baa bc*en to discover mine dies fiom the claims ot 
Ayiiivedic, Tibbi and other indigenous it'sourcrs suitiible 
Remedies used for employ mc'iit by expinents of Western medic me Smccc 
Medicine^*"”**" Jioriod of decay and resuscitation of old systems of 

Indian medicmo, many of the oflectivo remedies have* lieen 
lost while a number of uncxntam ones have mipt m Ik lief m thoir elTic.Ky 
originates in some cases from the teachings of the nnc lent commentators and is 
bcirsed on clinical data, but m others has no foundation whatevc i Nearly two 
hundred medicinal plants have lieon investigated in our laboratoi les and some 
of these have been shown to 1» of practical utility Ajiart from this, the nega- 
tive value of such investigations should not bo lost sight of Whatovei the 
merits or dements of the indigenous systcmis may be, it should lx* lemomlxired 
that they minister to the needs of nearly SO per cc nt of the jxijuilalion of this 
vast country It is, thoroforo, the jiiimary duty of any rcso.iich org.ini/ation 
existing m this country to evaluate their c'ftectiveness and prac tical utility 
A few words may be said hero witJi regard to the lime of collection of 

drugs Uurmg the last twonty-fave yc‘.irs several drugs of 
Collection of , , . , , t, 

drugs Indian origin have assumed considttrablo importancn 

from the punt of view of foreign trade Many hrras of 
drug manufaeturers m this country also use the locally prcxlueed raw matonals 
for the manufacture of the fiuishcMl products It is a matter of veiy great 
concern, therefore, tliat the crude drugs collected locally are ofUui not up to 
the required standard and this has resulted m considorablo oconormc loss 
Fortunately, this state of affairs is being gradually rectified but I ciannot lot 
this opportunity pass without reiterating that collection of drugs is not so 
simple a matter as most people boom to imagine (kiilectors of medicinal 
drugs growing in a state of nature, and the present and jirospective cultivators 
should boar in mind that there are certain factors which have to be considered 
in order to obtain the standard product There is a good deal of vanation 


Ciollectlon of 
drugs 


in the active prmciples in the different parts of a plant and in different season^ 
m the same part of the plant Even the same part and at the same time of 
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the year ahowH remarkablo variations in the contents of its active principles , 
for example, the young and the old loaves of a plant and unopened and opened 
flowers differ materially despite the fact that they are collected from the same 
plant and during the same season The soil also has an important influence 
on the active principles of plants 1 have often observed in the ( ourso of my 
work that plants colkictod at the proper time, when the active principles have 
i-oachod maturity and are at their maximum, give very effective results while 
the same plants when collected under other conditions are utterly useless 
Conditions for the collection of drugs in the case of plants under cultivation 
are more favourable and strict control over various factors can bo exorcised 
with greater ease than is the case with jilants growing m a state of nature 
It has, however, to be admitted that ideal (onditions for the collection of even 
many of the common and important medicinal plants arc not known with 
precision, and research is urgently needed to determine the time when the 
active principles are at their maximum under the environments existing m 
this country, os was done by the Dutch in Java m the case of cinchona If 
this (ould be systematically carried out, India could supply the whole of the 
world with medicinal ‘ herbs ’ 


PoMonoM PUinla 

Intimately connected with the study of medicinal plants is the problem 
of poisonous plants, but till recently little attention has 
si^rati^ *!dnd study in this country They contain 

loss to India chemical cAmstituonts which, if introdiioed into the body 

of an animal in relatively small quantities, act deleterioiisly 
and may cause serious impairment of bodily functions or oven death They 
injure the basic live principle, the protoplasm, of the cells of which the animal 
body IS built up They are ordinarily called poisonous plants, and apart 
from the utilization of their potent properties in the treatment of diseases to 
alleviate the sufforiiigs of man and animals, there appears to bo no doubt that 
they are a source of great menace in India through poisoning of bvestock. 

We are concerned in this country with the welfare of 360 millions of 
human beings, as well as with that of roughly 220 millions 
of the bovine population out of a total of about 730 millions 
in the whole world Even m its present unsatisfactory 
condition, the cattle industry contributes roughly about 10,000 milhon rupees 
to the annual agricultural income of 20,000 milhon rupees of this vast country. 
The importance of plants which are poisonous to livestock will thus be readily 
understood It is a matter of regret that no systematic attempt has been 
made m India so far to investigate these plants on scientific Imes with a view 
to devising means whereby this menace could be controlled It is also un- 
fortunate that no figures are available of the loss suffered by India through 
poisoning of Inestock by this agency, but it may be interesting here to give 
the example of two States, Montana and Colorado in the Umted States of 


Poisoning of 
livestock 
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Amenca, which may give us some idea of the possible damage In that area 
it has been estimated that the loss inflicted to the livestock industry by plant 
poisoning 18 m the neighbourhood of 220 million dollars annually This is a 
very high figure considenng that the size and extent of these States as com- 
pared with India is loss than one-sixth, and also considering the fact that the 
knowledge regarding the poisonous plants there is well advanced and preventive 
measures are practised The conditions existing in India can bo readily 
imagined. 

With a view to (ombatmg this menace, and as a natural corollary to the 

study of medicinal plants, the study of poisonous plants 

Study of undertaken at the School of Tropical 

Poisonous Plants 

Modioino during recent years This work has brought out 
some outstanding features of the problem which had not been hitherto 
appreciated m India About 700 poisonous species belonging to over 90 
families of flowering plants are known The more important cf these in 
theu* order of importance are Raminculaceae, Euphorbiuceao, Legununosae, 
Solanaceae, Compositac, Apocynaceae, Asclepiadacoae, Ericaceae, Lihaceae, 
Oiaimneae, Araceae, Ana card laceae, Thymelaeaccae, Rosaceae and Rubiaceae 
As m the case of medicuial plants, it does not mean that other families do 
not contain important poisonous plants In tact theie are several other 
tamilies which have a few of the very potent sjiecies belonging to this group 
Thu above list of the luiportant families merely indicates that they contain 
the largest number of poisonous plants, so far as is known at present, with a 
further likelihood of containing plants with potent principles which are at 
present unknown 

In the case of the majority of plants, poisonous properties are only 
suspected but have not been substantiated by chemical analyses and phar- 
macological experimentation This is now being done, so far os possible, 
preliminary chemical examinations of a large number of plants have been 
made and a monograph on the subject is now m press A thorough and 
comprehensive study of all these plants, however, would mean sustained work 
for many years and perhaps for several generations In the present work 
we are getting together all the information, botanical, chemical and pharma- 
cological, with detailed references to the literature This monograph, when 
completed, should serve as a basis for further work on these plants, the 
importance of which from an economic pomt of view cannot be overrated 
Increased knowledge with regard to their distribution and the nature of 
active prmciples responsible for poisoning is the first step towards oontrolhng 
this problem by takmg preventive measures 

Anothm* aspect of these plants which will repay study oonoems those 


Insecticidal and 
Insect repellent 
plants 


which have insecticidal and insect repellent properties. 
Losses inflicted upon India by insects are enormous and 
at a moderate estimate are calculated at 2,000 milhon 
rupees annually and over a million and a half of human 
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lives Effective defence against these enemies of social and economic progress 
should materially re<luce this enormous wastage and facihtate national 
development The finding of cheap insecticides for the diverse needs of 
agriculture, destruction of household pests, prevention of vectors of such 
diseases as malaria and many others borne by insects, commensurate with 
the hmited means of the great masses in India, are important problems to which 
little attention has been paid till recently Vegetable insecticides are prefer- 
able to mineral ones, as those are less deletonous to man and other warm- 
blooded animals generally, and as they are also loss harmful from the point 
of view of agriculture Lcsts of the possible insecticidal and insect repellent 
plants growing in India, and of reputed fish poisons some of which may also 
act as insecticides have been prepared 

Herbarium of Medicinal and Poisonoua Plants 

One of the chief diflficultios in connection with our work on medicmal 
and poisonous plants has been the proper identification of the material to be 
investigated The descriptions of plants given in the literature on indigenous 
medicine are meagre and vague and this has resulted in considerable confusion 
Many drugs are sold under different nam««, different dnigs undei the same 
name, and even the learned Kavirajs and Hahms cannot say with certainty 
which species are meant in the old text-books No authentic specimens of 
even the well-known remedies were ever collected and preserved by the 
exfionents of indigenous medicine and no actual c‘omparison is possible Even 
with the great advances in systematic botany, expert botanical identification 
IS not infallible and the botanists also sometimes prefer to disagree 
Publications of recent botanical monographs show, how with the advance of 
knowledge our conception of species has varied Descriptions alone are not 
always sufficient for settling disputed questions and recourse to actual specimens 
IS often absolutely necessary It is very important, therefore, to preserve 
specimens of all plants submitted for investigation, so that these may be 
available for reference in case any doubt as to their identity arises at a later 
date Some ot the chenucal and pharmacological work done on these plants 
has been vitiated by carelessness in identification With a view to combating 
this state of affairs it was considered desirable to collect authentic specimens 
oi all the plants with alleged medicinal or toxic properties and after proper 
identification preserve them for the purpose of comparison This work has 
progressed and it has been possible to collect 6,000 specimen sheets of about 
1,600 species About 900 species have yet to bo obtamed to complete the 
collection of all the known medicmal and poisonous plants growmg m India 
As most of the more easily available plants have been obtained, the collection 
of the remamder is becoming more and more difficult but the work is being 
continued When this is accomplished, this collection will be the first of its 
kind 111 India, and should be an asset both from the scientific and economic 
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points of view The present collection will, it is hoped, form the iiuclous lor 
a national herbanura of medicinal and poisonotu plants 

A question of great economic importance is the working out of the 
distribution of medicinal and poisonous plants iii this 
Survey of country The distribution of many plants ns dcsoiibod 
Poisonous Plants literature is often vague and inaccuracies, which have 
In India crept in, have been passed down from one publuation to 

another To this may bo lulded the fact that plants which 
were found in a particular locality some years ago often do not occur thei’o 
at the present <lay The influence of man in clianging forests into agncultmal 
lands and sometimes again abandoning them to the rare of nature, togethm 
with the competition of plants amongst themselves is mateiially res}M>usihle 
for the change in the floras of various areas For this reason wo staitcnl the 
stock-taking of the present distribution of merlicinal and poisonous ])lan(>s to 
work out, as exactly as |K)ssible, the present areas of their distnbution All 
the available literature is being consulterl and herbana all over India are 
being HcrutiniKod Personal visits are being paid to difleront paits of iiidu to 
detemune the areas of abundance of these plants growing in a state of nature 
The work under this head is very extensive when it is remembered that 
it deals with about one-fifth of the total numbei of plants found in India, but 
this 18 the only w'ay of estimating with any degree of accuracy whether a ceitain 
plant grow's well and in abundance or is scarixi m a i^rtain area Valuable 
information is thus being (.ollected, and this will bo of practical value to those 
intereste<l in harnessing the natural ro 8 our<t *8 of the country This will also 
give indications of suitable localities for the cultivation of meuuinal plants 
From the point of view of poisonous plants also, this survey is of great 
practual value, as once the occurrence of the harmful herbage in grasslands 
and other localities open to grazing for livestock are mapped, it should bo 
possible to adopt measures for the protection of livestock against the menace 
of poisoning 

Corrdaiton of boianical classification of plants, their chemical constitution 
and their physiological properties 

With the advance of knowledge of the chemistry and pharmacology of 
plants, it appears to be c-ertain that some correlation 
nd**iiew *^claMi* between the botanical classification of jilarits, their 

fleadon chenucal constitution and physiological properties, and 

one 18 frequently struck with the remarkable resemblance 
exhibited by closely allied plants in this respect For example, if a particular 
chemical constituent is found in one member of the genus, there is considerable 
likelihood of the presence of constituents with identical or similar physiological 
properties m other members of the genus or of the family This does not, of 
course, mean that such similarity will not be found in other families or genera 
]U8t as particular taxonomic characters may be spread over widely different 
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familieH and genera An ideal claegification of plants would be the one which 
in addition to satisfying botanical ontena broadly provides an index to the 
nature of their chemical constituents and physiological properties With 
our oxistmg knowledge this is not p(»sible The very fact that some of the 
families and genera, as at present understood, are quite homogeneous in these 
respects, however, reflects a ray of hope that after all the problem is not so 
difficult as it appears at first sight Considerable work on the chemistry of 
plants and the detemunation of the physiological properties of their active 
principles, however, will have to be earned out and thousands of new 
plants will havo to be investigated before this is attained, or the attempt 
given up as hopeless This should not, however, be understood to imply 
that I suggest that advances m the knowledge of cheimstry and pharmacology 
should detenmno the botanical classification of plants This is not possible, 
as such features cannot possibly serve as taxonomic characters But I do 
hope that botanists, chemists and pharmacologists will collaborate in evolving 
a natural system of classification baseil on their combined efforts 

A brief review of the distribution of the more important and potent 
chemical constatuents of the Indian dowering plants of 
Consttoems widely different families and genera presents certain very 
intcrostmg features The alkaloids are distributed over 
about 40 families and thore are a number of cases where the same alkaloid is 
found in closely allied genera and families Thus, berberme has been recorded 
from SIX different families and twelve genera Ephedrme, on the other hand, 
furnishes an example wherein a particular alkaloid may be found in plants 
belonging to widely different groups, it has been found in Sxda cordifolta Linn 
of Malvaceae (a faimly belonging to Angu^perraao) and in Ephedra of Gnetaceae 
(a family belonging to Gymnospormae) Purmes are found in three fanulies 
The glucoHidos form a large group and are much wider m occurrence than the 
alkaloids, ocoumng both in Dicotyledons and Monocotyledons ; some of these 
are very toxic and occur in eight widely different famihes Hydrocyanic acid 
vielding plants belong to ten famihes A group of glucosides known as 
saponms is of very wide occurrence m the vegetable kingdom , sapomns are 
known from at least 400 plants belongmg to 60 different famihes ocoumng 
almost all over the world Essential oils are of wide ooourrenoe in the vegetable 
kingdom though certain famihes, such as Labiatae, Rutaceae, Umbelhferae, 
Myrtaceae, Lauraoeae, Oruoiferae and Coniferae are especially noh in these 
substances. The seeds of numerous plants contain albumins, but it is mteresting 
to note certain plants, such as Abrus precatorius Linn and Rtetnus commuim 
Lmn belonging to very different families (Leguminosae and Euphorbiaceae 
respectively) wherein the toxicity of these albumins is of a similar nature, both 
being essentially blood •poisons, and both similar m their immunity reactions 
if introduced mto the body of animals m small and gradually moreasing doses. 

I do not propose to go mto farther details of several other chemical 
constituents, nor even of such toxic complexes as resins, phenohe com* 
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pounds, etc The few examples cited provide sufficient evidence in siippoit of 
the now welhestablished theory of organic evolution T repeat that there is 
a method m their occurrence, m seveial cases it is due to then descent from 
eommon aneostors while in others it is a result of piiallcl evolution The 
facts described above cannot be explaiiu'd on aii 5 ' other basis 

I will now cite a few examples of some families and genera to sho^^ the 
marked rccsembl.inc es bi'tween then botanical, chemical 
^correlaHon^ and pharmacological as|Kcts Unless dcdimtc'ly piovcd ns 
harmless it is advisable, for instance, to ic gaicl all memlx rs 
of ilanunciilaccuo as iKitoiitially poisonous, c‘sf»c*ciallv when tresh, both 
for human beings and livestock Poisonous, .iciicl, vesicant purgntne and 
narcotic pro|Kirtio8 prevail in varying dogics* throughout the family Sixic les 
of Anemone, CaUhn, Cletnaits and Ranunculus eontiim the l.ictono .incmnnm 
which has blistering profxirties Most of the Aconite's c oiitain luglily |)Oisonoiis 
alkaloids whic*h act mainly on the sensory nerves and on the mcslulla which 
they depress and ultimately piralyse S|x‘cics of Delphinunn nit used for the 
destruction of vermin and contain toxic alkaloids, some of which ap|ie.ir to 
act like aconitine, while others paralyse the rnotoi ner\c*s Alkaloids aie 
also known to occur in the goneia Coptis, Helltborns, Nigilla, Isojnjrum and 
Paeonui Adonis and Helleborus c oiitain glue osides with a digitalis-like action 
Saponins are found in the gencia CU-muHs, Ranunculus, Nufella and Cimicifugn 
Cj'anogcnotic eonipounds have bc'on repoitc'd liom some ot tin* membcis of 
the family and the Indian representatives from which these pimeiplcs have 
boon reported belong to the genera dewntis, Aquihgia, Isopyrum and 
Ranunculus Seeds of Annona of Annonne oae have insocl ic ida 1 jii ojiei ties and 
are powerful irritants of the conjunctiva Several sjx'cics of Jierhens contain 
active principles poisonous to hshes and dogs Many species of VajMtter have 
a juieo with narcotic properties and contain jKiwerful alkaloids JSiarcotic 
properties are also possessed by some other inembc*rs of the* family I’ujiaveracoae, 
e g , Meconopais Most Oucifers have pungent juices and many have ghieosidos 
in their seeds and producx; very irritant essential oils, they possess stimulant 
properties Several plants of Caryophyllac^ao contain sajioninH The family 
Rutaeeae is characterized by the presence of essential oils some of wlueh aio 
toxic Many plants belonging to Sapindaeoae have saponins and a number of 
them are well known as fish poisons Anacardiaceae are usually provided with 
more or less acrid resinous, sometimes milky juices, very many species of 
this family possess astringent proportieo Plants of no less than twenty-seven 
genera of Legummosac possess insecticidal or piscieidal proiKirtics The 
poisonous properties of Rosaceao are generally duo to tlio presence of cyano- 
genotio compounds The presence of powerful bitter and purgative prmciples 
18 the prevailing characteristic of the wild members of (\icuibitaoeao 
Aromatic members of Umbelhferae are usually carminative, while the non- 
aromatio members are often aend and narcotic and should be taken with care. 
Alkaloids with similar physiological properties are the oulstanding constituents 
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of tho goims Omchona Lobohas belonging to Campaimlaceae yield an 
intonHcly acrid milky juice and tho tlust of tho powdered herbs irritates tho 
nostrils m the same way as tobacco, they contain alkaloids Rhododendrons 
mask, undoi tho beauty of their flowers, very fatal active principles and tho 
family Ericaceae to which they bidong contains several insecticidal plants, 
tho toxic substance andromodotoxin is very common in this family 
Apocynareao includes several plants which are lughly poisonous, tho properties 
ol most of thorn being duo to glucosidos with a digitalis-liko action and 
physiologically active alkaloids Many species of Asclcpiadaioae contain 
acrid, bitter and jKUsonous juices The genus Strychnos is rich in alkaloids 
which are violent tetanic iKiisons Many spoiios of Convolvulaccao have an 
acrid taste and contain ac tive purgative priiu iples Mydriatic alkaloids such as 
atropine, hyoscino and hyoscyamino are found in sovc'ral sjiocies of Solanacx“ac 
while tho glucosidal alkaloid solanin is found in many Solaniims and some 
other genera as well, a very largo number of wild plants of this family arc 
poisonous Labiatao is very uniform in tho possession of essential oils, several 
of which are of medicin.il value as carminatives and stimulants Tomc resins 
are reported from a number of species belonging to Thymelae<ieoao and animals 
avoid eating them Several sjiocios of Kuphorbiaceae contain more or less 
acrid and irritant juices and several species of Crotons contain highly irritant 
toxalbumiiis and are drastic piiigativos Urticating principles are found in 
foul Indian genera of Urticacoae Tho alkaloids ephodrme and pscudo- 
opliedrino are found in a number of Eptuxlras (^niferae are c haractoriAcd 
by cDntaiiiiiig essential oils which pioduce gastio-mtestinal iriitation and 
sometimes ulceration Several sjiecios of Diascoreacooe contain an acrid juice 
in their tubers and some are even ijoisonous Quito a number of species of 
Aramie contain rajihidcs ofuilciiim oxalate and acrid juices, a number of these 
plants, if eaten, especially when m fresh condition, produce symptoms of 
irritant poisoning Some of tho Gramincao, especially when young, wilted 
or iiutlcr drought conditions produce hydroovanic acid and are fatal to 
livestock , no alkaloid has so far been isolated from members of this faimly 
Many more examples could be cited, but tho brief review of the relationship 
which seems to exist between the botanical classiflcation and tho chemical 
and physiological characteristics of medicinal and poisonous plants should 
prove sufficient to show that in many of the families and genera these charac- 
teristics show a marked degree of correlation I do hope that further work 
will produce increasing evidenc<o of this relationship The botanical characters, 
ohoimcal constituents and properties exhibited by plants are all tho results of 
organic evolution and a natural classification must embrace all these threo 
aspects There is, however, an element of disturbance in the case of plants 
Climate, seasons, soil, cultivation, etc , have profoundly afiected their chemical 
composition and hence their physiological characteristics, and it is for this 
reason also that closely related plants differ in their pharmacological 
properties 
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Conchmon 

Tho above brief review of our work on the iiiediciiial and jioisonoiiH plants, 
the difficulties encounk'red and paiti.illy overcome, and indieations in regard 
to their iitilitaiian and seientifie asix'cis, uill, T hope, stimulate inbuest in 
this subject which is of comiderablo economic imjMiit.uKe to the coimtiy, 
particularly at tho jirescnt juncture (Collaboration Ix'twei'n iKibinists, 
chemists, pharmauilogists and agiicult mists m work of the tyjKi indicated in 
a country such as India, with all oxtnmica of metcorologual, cliinalie and 
tojKigraphnal fcatiiies lesutting in veiy vaiicsl and luMiri.uit tloias of all 
types IS prc'gnant with jxissibilitic's which should not only lie of very givat 
Hcientiiic and acmiemic interest but also prove ot gieat pr.ictual im|)ortan(e 
to the country from the economic jioint of yiew 
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Ever binco Jloisoiiboif' (1932) Hhowod lliat the muleiih ol Iho atom w 
to bo rej'iirded an composed of two fundamental ])ai tides, vu , llio pioton 
and tho neutron, many invostigalions from the theoietual point of view 
iiavo bjon carried out regarding tho stiiuturo, st.ibibtv and roactivity of 
nuiloi In tho moanlimo, thoio have boon laigo additions to tho known 
numboi of nuclei by (1) tho discovery ot newer and rarer stablo isotojKW, 
find (2) tho discovoiy of now unstable varieties ol isotopes jirodueod by 
bombardment of known nudei by moans ot a*pai tides, dent crons, protons, 
neutrons and to a slight extent by photons Tho recent discovery of fission 
of uratuum and thorium by neutrons has led to the discovery of a number of 
/3”-active nuclei which probably could not have bcxui prodvned by any 
other existing method 

Tho enormous increase in oui knowledge ot nuc loar phenomena within tho 
last eight years has leiiderod it almost imjiossible for tho axerage physicist 
to form a comprehensive picture ol tho present situation, much less than 
keep in living touch with progressing knowledge 

In this pajier, an attempt has been made to present tho existing 
knowledge ot tho known nuclei, stable, as well as ladioactive, in the form of 
a chart No attempt has boon made to give any thooietical discussion on 
stability in this paiKW, but rules and regulaiitios which are obvious have boon 
duly noted and recorded Probably wo ore justihod, at this stage, in adopting 
this attitude in view ot the following sigmfieant nmiaik we came across m 
Gamow *8 ‘Structure of Atomic Nuclei’ (1938) 

‘One may hope that further investigations along those lines will add 
considerably to our understanding of more detailed problems of structure 
Much has already been done with rather overlapping results by Bartlett, 
Gapon, Ivanenko, Elsasser, Guggenheimer and others, it is not refened to 
m detail here because the author was never able in studymg these articles to 
remember the beginning when he was reading the end ’ 


We denote by 

P 

n 


Symbols used 


YOL. VI-No. 1. 


tho proton, 
the neutron. 


[Published March 8th, 1940. 
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Z the nuclear charge, 

N the number of neutrons, 

A the mass-numbor, so that A = Z+N 

I N— Z = A— 2Z has boon called the ' laoUype-nwnber' by Bothe and 

Bachor (1936) 

According to this notation 

n’*^^ or n^ denotes a nucleus composed of Z protons 
and N neutrons Thus agSi’*^ is p®® n®*+ii, » e strontium 87 woukl be louiid 
in the isotope line I = 11 of our chart 

In this connection, a comparison may bo made between the chart given 
here and the other charts so far in use Papers earlier than 1931 wore written 
on the supposition that the nucleus was composed of protons and elections 
Nevertheless, many of the conclusions and regularities noted in earber papers 
are very valuable, and have boon utilized by subsequent workers 

(1) W D Harkins (1928) plotted an (I/Z)*curvo in fig 14, p 113, 
and nuclei were classified into a few groups 

(2) Barton (1930) plots an (N/Z)>diagram up to Z = 61, and notes a few 
regularities 

(3) W D Harkins (1931) plots an (N/Z)-diagrnm (fig 1) and a number 
of ([/Z)-diagranis (figs 2, 3, 4, 5) and aii (N/P)/Z-diagram 

(4) Heisenberg (1932) first took the view that the nucleus is composed of 
neutrons and protons He discussed uuolear stability by plotting (N/Z)/Z- 
diagrams 

(6) Qatnow (1034) utilized (N/Z)/Z-duigrams for a diseussion on nuclear 
stabihty and a- and /S'Oimssions 

(6) Quggonheimor (1934) plotted an (N/Z)*diagram and classified nuclei 
into groups 

(7) Bethe and Bachor (1936) give on p 97 an I/A-diagram on a small 
scale, comprising only stable nuclei No isotopic linos (Z-lines) have been 
drawn, but some regularities regarding the stability of nuclei have been 
pointed out 

None of the above workers included j8'*’~-omitting nuclei in their diagrams 

(8) Hevesy and Levi (1936-37) have given a number of (I/Z)-diagram8 of 
stable and radioactive isotopes 

(9) H Brown (1938) has plotted an (I/Z)-diagram for findmg out the 
range of occurrence of stable isotope 

(10) Gregoire (1938a) has an (A/Z)-diagram foi presenting the totality 
of our knowledge of nuclei, stable as well as radioactive (The same diagram 
has been drawn more elaborately in ‘P%«»gae Nudeaxre’ of Tabdlea AnnueUes 
de Constant et Donnei's Numenques No 26, 1938) Here the radioactive 
nuclei have been drawn in different colours, and percentages of isotopes have 
been mdioated 
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(11) In thoir paper on ‘ Mechanism of Nuclear Fission Bohr and Wheeler 
(1939) published an (I/A)-diagiam (Fig 8, p 446) tor illuHtrating ‘Nuclear 
Fission’ This paper came to our notice alter our uork was almost over 
This figure contains only stable inuloi and is idontioal in pnmiplo with ours, 
but it has been drawn for a limited tango, and for illustrating the successive 
)8” -omission products of fission of the uranium nui.1eus 


Explamlton of the chart 

The abscissa represents mass-number A, the ordinate n'prcsenls I, the 
isotope numlier The parallel lines at 46°, to bo hencelorwanl i‘alled the 
Z-linos, represent atomic number ‘Z’ Thus all isotojics of element ‘Z’ 
are lo be found on the same ‘Z ’-line Each isotope is rtpiesontcd by a ciu le 
Solid cirdos represent ‘Stable’ nuclei Hollow circles with an airow pointing 
up, , represent /3‘^-emitting (positron) nuclei , when t ho ai row points down, ^ , 
they indicate /9“-omittuig (electron) nuclei Circles with arrows pointing 
both up and down, (^, like 2 bCu®^ indicate that the nutloi are both /3^ and 
/3“-aotivo The percentage occurrence of any mnlous is given by the number 
on the top For isotoi>es having small abuiulance, the actual percentage 
18 given to the nearest fraction The half lives of /3-part ii le-omitting pioducts 
are mdicated The following abbroviations have been used for indicating the 
half hvos 

a seconds, 

m minutes, 

h hours, 

d days, 

mo montlis, 

y years 

The nuclei represented by ^ denote those obtaiiud by fission of U 
or Th 

The reader may now refer to the symbolic diagram on the left of Chart 
1 The N W -pointing arrow terminating in p denotes a jirotou-emission , 
an arrow in the opposite direction (S E , not shown in fig ) denotes a proton- 
capture 

Similarly, the S W -pointing arrow ondmg in n denotes ncutron-emission, 
and an arrow m the opposite direction (N E , not shou n m fig ) would denote 
a neutron-capture 

The west-pomting double-arrow terminating in a denotes an a-particle- 
emission 

Thus we can follow the reaction 

Bio+Ri = C“+Ai», C«-)-/S^*B“ 
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in the chart by putting our finger on B^®, and going diagonally downwards 
(S E ) we roach and we find that will emit a positron, and going 
vertically upwards we roach the stable iiucleuH 

‘Neutron-capture’ takes a nucleus a step higher along the Z-line 
Thus 

BoO-l-ni « Beio-f A.- (?) 

Boio->j8' = BIO 

Wo can follow this reaction wvsily in the chart Let us take a reaction in 
which a nuclear particle is omitted, e g , 

Ca«-|- + HI 

= Ca« 

We put our finger on a neutron bombardinoiit ol ('n't* followojl by lapture 
takes us to Gi*®* along the Z-line, * denoting that it is an intt»rmo(liato nucleus, 
of extremely short lito, breaking up into and H^ K*® is obtained by 
going diagonally up in the ju-diroction The chart shows that is /3~-active 
and ohangos to Ca^ 

Deideron-bombardment 

Deuteron bombardment followed by captuie will take a nucleus along 
the I-lino (horizontal or East) to the next nucleus, and the chai t tolls us what 
reactions are to bo expected Thus 

We put our finger on Si^, capture of H* takes us to 1**^* nitoruiodiate, winch 
breaks up into Si®^ and The chart shows that Si®^ omits a /3~-particlo 
and gives us P®^ Thus starting from Si*^ one goes vertically one step down- 
wards and roaches P®^ The reaction P®®->>/8” = S®® is also possible, but its 
probability seems to bo negligibly small 

a-mj/ bombardmetU. 

a-ray bombardment followed by c^apturo will take a nucleus along the 
I-line two steps to the right, and tnce-veraa, if in a reaction, an a-ray is emitted, 
the nucleus will have to be taken two stops to the left along the same I-lme 
Thus 

Ni* fHe*->Fi8* = 017-f HI , or = 0^8 

Thus we see that on oaptunng He® will form an intormediate nucleus Fi8*, 
which can either break up mto 0^^ and Hi, or emit a /3^-particle, and pass 
on to 018 The former process is, however, much more probable and is observed 
usually. 
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For illustrating the use of the chart, we take sulphur, Z = 16 A glance 
at tlie Z-line 16 shows that sulphur has the following isotopes 


S81 an 

S88 

S84 

S86 

S86 

,S37 

+ 96 

26»;(?) 

7 

4 

88d 

02 

6m 


S^i 18 j8^-a(five, with half life of 26m ? indicates that the estimate is 
(loubtiul S85, S37 are /5''-activo, with half lives 88 days and 6 min 
rospottively S32, S38, y34^ f^so are stable isotopes ottiirnng in the pioportion 
96 7 4 02 

The symbol ^ indicates that tho nucleus p*^n^'+i does not actually omit 
a positron, but ca])luies a K-election, and passes on vertically up to the 
nucleus p'''"' 

A glance at tho chart at oiuo shows its usefulness It not only comprises 
all our jiiesmit knowledge about isoIojkw, stable as well as radioactive, but, as 
will bo shown pivscntly, nuluatos dehmto rules for stability and for electron- 
and poHitron-enussion Further, it suggests now nuclear proc*e8seH and predu ts 
new stable isoto]K's, not yet dis(ov(‘fed For piirpisos ol darity, a mimlior 
of I-linos at intfrvals of ‘6’ have lieon ilinwn These have no sfiecial 
significance 

liules for SlabUity 

For disf ussing this point , we have taken each hoi i/ontal row, cornispondiiig 
to definih* values of ‘I’ 

It we take 1 = 0, wo find that tho nuclei aio stable from Z = 1, H*, to 
Z = 8, 0^® After tliat , the nucleus is stable for oven values ol Z, and jj^-a( tivo 
for odd values of Z Tho gioup stops with Sc**, which is j3^-active 

(Rule 1). 

When I IS oven and > 2, wo got alternation of stable and jS-active 
nuclei Stable nuclei are obtainc*d foi even values of Z and jJ-aitivo nuclei 
are obtained for odd values of Z This nilo is partly fort shadowed in a lemark 
by Betho and Bather (1936, p 104) and has boon tlistnssetl in detail in §10, 

p. 100 

lUvMrahon 

Let us take 1 = 4 We get tho following — 


16 

17 

18 

10 

20 

21 

22 

23 

gso 

C188 

A*o 

K« 

Ca** 

Sc*« 

Ti*« 

V60 

stable 

- 

stable 

-- 

stable 

- 

stable 

+ 

: 24 

26 

26 

27 

28 

29 

30 

31 

Cr6* 

MnM 

Fefi® 

Co68 

NiBO 

Cu«* 

Ni®* 

Ga®« 

stable 

+ - 

stable 

+ ? 

Bta.ble 

+ 

stable 

+ 
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We observe that after approximately the middle of the senes is passed, 
the nuclei to the right with odd Z become /3‘^-active This nile is found to be 
obeyed nght up to I = 40, after which we enter the region of natural radio- 
activity, where also up to I = 64, the rule is generally obeyed with a few 
exceptions (noted later) 

For 1 = 2, wo observe that the first stable nucleus is Z = 8, 0^®, after 
which the rule of alternation holds all right Before Z = 8, we have a 
number of /3“-omitting nuclei from Z = 1 to Z = 7 It is quite possible 
that in the other groups also, e g for the group I = 4, we may have a number 
of j8“-activo olemonts before S®®, but spoeial reactions will have to be devised 
to obtain them 

(Rule 2). I IS odd 

In those groups, wo first find /9"-activo nueloi, and then arrive at a number 
of succeeding stable nuclei Those aie followed by j8^-aotivo nuclei The 
number of succeeding stable nuclei has been found sometimes as small us 3, 
sometimes as largo as 13, usually the nucleus in the midst of the stable group 
appears to be the most stable, though there appear to lie exceptions 

lUustraiion 

Let us take 1 = 6 A glance at the chart shows that wo have 


I » 6 , Z « 16 

17 

18 

19 

20 

21 

22 

23 

S37 


A« 

K43 

Ca« 


Ti4B 

V®! 



- 

- 

- 


6, 

100, 

Z= 24 

26 

26 

27 

28 

29 

.30 

31 

Cr®3 

Mnw 


Co®» 

NiBl 

Cu«8 

Zn®® 

Ga«7 

1(), 

100, 

2, 

99 8 

1, 

68, 

+ 

+ 


Z = 32 33 

Ge«» As” 

+ + 


The stable nuclei start from Ti*® and extend up to Cu®* The numbers 
below them here show the percentagos The elements to the left of the stable 
group are jS". active and those to the right are j5'''-activo We have some gaps, 
eg , at Cl®® (j8"), So*^ (j8“ or stable), but these will probably bo discovei^ if 
proper nuclear reactions are tned 

Wo now begin a detailed discussion of the table, taking each I-lme in turn 
While studying these discussions, the reader is advised to have the chart at 
hand, as all references are to the chart 

I - -2- 

A few nuclei like Li® have been postulated, but as knowledge about them 
18 very meagre, we leave this group for the present out of our consideration. 
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1 = -1 

In this line, H^, (Alvarez and Cornog, 193‘)) are stable Li<» cannot be 
formed, energy -tonsiderations are against it 

Absentees are — Na®^, P*®, CP®, A®®, K®^ whifh are expected to lxi 
)3'^-activo 

The senes terminates at Sc*i 

It IS probable that the ‘alxsonteo’ nuclei inny 1«* obtained it projKT niicloai 
leactions are tried Let us take an example 

For Na®!, the following leartions are suggested ~ 

(1) No2o+Hi = Na2i+/»v 

This IS suggested in analogy to the reaction which 

has been observed by DuBiidge H al (1937, 193H) 

(2) Ne20-f H® = Na®i+wi 

This Ls suggested in analogy to the leaction = Ft^-f-ni, observed 

by Kune H nl (1930) and Newson (1937) But the rc'action has been tiied by 
Snell (li)37) who, however, obtained Nt2®+H® = Ki®+He* Probably tho 
clianco of capture followed by y-omissiou is iiccgligible to tliat of partulo 
cmisHioii, as lias been foiinil by Bathe (1939) 

It IS deal from this discussion that the* sngg<*stion of profMn rcswlion to 
get a ceitain alwentee nncloi will involve a good deal of work lloiusc the 
subject IS not further pursued lu this jNVjHir 

It IS not yet clear whether there will be* any limit to tho niimlxcr of nuclei 
on any I-level The last nuclei for T = — 1 is S(*i It is possible that wo 
may get the hoiich continued to 'J’l*®, V**, etc , but tho pios|KHt of getting 
such nuclei will be diminished with laigc i Z, as no stable nuclei, which tan act 
as tho starting matoi lal for fiombaidment with H^, lie* ami w ill be available 

1 = 0 

This lino starts with H® and is stable up to ()i®, after which the alternation 
rule holds Nuclei are stable for Z = oven, and /5-artivt for Z = odd The 
senes terminates for Sc*®, but wo have, aftor a long mb'ival, (’u®*, which is 
stated by Delsasso (1939) to bo )5+-activo Tho intoimodiato absent nuclei 
are — 

Ti44 v*« Cr48 MnM Fe®® Co®* Ni®» 

St + St + St + St 

which may be looked for 

1 = 1 

H® is j9“-activo, as has beenshown by Alvaroz and Cornog (19396) changing 
probably to stable Ho®, and after that wo have stable elements up to Cl®® m 
an unbroken senes K®® has been shown to be definitely stable Hence A*^ 
ought to bo stable, and may be a very rare isotope Ca*i is still unknown, 
and as it is on the border line, we cannot say whether it will bo stable or 
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j8'*’-aotive. From Sc** to Ni*'^, all aro j3'*‘-aciivo with the exception of Ti** 
and V*^ which have to be lookeii for 
1 = 2 

Wo have j8”-activo nuclei from H*, (rather doubtful) to and then we 
have alternation of stable and radioactive nuclei beginning Irom 0^* From 
Sc**, the radioactive nuclei in this group begin to become jS^-active and with 
the exception of Zn®*, whuh may bo looked for, we h.ivo the group oxtondwl 
up to Ga** 

1 = 3- 

In this group, the stable nuclei start from (^1*7 and end in Ti*^ On the 
left side, they aro flanked by j3~-a(tive nuclei which, with gaps at F*t, Na** 
and P**, can bo tracked to The group contains the notable anomuloiis 

nucleus A*® which ought to Ix) stable, but Nier (1936) who specially looked foi 
it states that its abundance is less than 1()~* of the most abundant isotope A*® 
Gregoire (19386) gives it as /3"-active, but doubtlully The anomaly ought to 
be cleared up 

On the right side of the last stable isotope Ti*^, the nuclei are all /S'^'-activo, 
with the exception of Co®^ whuh .vccording to Blcaknoy et ril (1939) is stated 
to be stable with an abundance of 18 jxjr cent If it is nailly stable, it forms 
a glaring anomaly which ought to be cleaied up 

The line is continued to Zii*® at present, but fuithei /3-emitting pirticles 
may be discovered on both flanks 
1 = 4- 

In this line, as in all with oven values of I, the rule of alternation regarding 
stability 18 followed, without exception The limits of the line at present 
aro left S*® (stable) and right Ga*® (/3^-active) Co®* should be jS'^-active, 
but the nature of the ])articlos emitted has not yet been ascei tamed 
experimentally 

In this and all other groups with even values of I, it is still a moot question 
whether, if tho line is extended on both flanks, the nuclei will continue to obey 
the law of alternation, e g , whether Si** or Mg**, if discovered, will bo stable 
or )3“-aotive Similarly on tho right flank whether Ge®* or Se^*, if discovered, 
will be stable or /3'*'-aotive A third possibility is that like Li®, they may be 
energetically impossible These remarks apply to tho subsequent discussions 

One difficulty in the formation of those ‘flank’ nuclei would be that of 
getting any ‘ starting ’-pomt This point may bo illustrated by a concrete 
example Let us take O® and N^* which fall in tho Ime 1 = 4 Now C^® 
should be stable if rule (1) is obeyed, and N^* ought to be )3"-active But 
from what nucleus should we start to get C^® ? Since 0^* is stable, it may bo 
possible to produce N^*, but B^* will again bo difficult to produce 

According to present ideas of stability, all such nuclei may be )3~-active, 
but actual experiments can alone docido how far the rule of alternation will 
extend on both flanks. 
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As will bo st>on lator, some ‘flank’ nuoloi of the descnption given hero 
have been obtained in the taso of jgTo to sgCo and ssBr to 40 Z 1 by the fission 
of the uranium niuleiis But the fission pioress is probably jiOHsible only for 
iho heaviest nuclei 

1 = 6 

Wo have in this line H stable nuclei Iroin Ti<® to (‘u®3, flanki'd b> 
/3“ -emitting nueloi on the left, and j 8 ^-onutt iiig nuclei on the light Sc*7 niay 
bo a stable iiiu lens or /5“ -active will bo j 8 ~-nctivo 

From 1 = 0, the rules we have stated apfiear to be folloiieil rigoinusly 
The icmarks with ix'sjioct to ‘flank’ nuclei are ahvays to 1 ki taken subjeit to 
the obseivations made undei T = 4 


1 = 0 

Absentees are As^^s, Bi’**, both j3^-nctive 
1 = 7 

This lino shows only thieo suriessive stable isotopes at (‘ 11 ®**, Zn®^, Gn®® 
Theio aio gaps at V®®, Ci®®, Mn®^, Co®i (all j3’-uctive) and at Br^^, Ki^®, Hb®i, 
Si 8 ®, Zi87 and Nb®® (all jS^-iutive) Mhnh nia> Ih» looked (01 

1 = 8 

This lino IS yery much broken Wo have tho first stable isotope Ca<8, and 
then aftoi a long pause Ni®^ Scardi may be made toi 

Sf 60 Ti®2 V®® Cr®® Mn®8 Fe®® Co®® Y®® Zr88 Nb®® 

— stable — stable — stable — + stable -f 

Some of these stable isoto|Jos have been looked for by Nier (1938), but 
have not bcx'ii obtained He states that Ti®® is < 10 ®, Ci®®< I0~®, Fe®®< 
3x19 ®, Zr®® < Id ®, ol the respective most abundant isot<)}K's, if they exist 
at all 

1 = 9 

Wo have here stable isotopes from Ga’^* to Br’’® nitive isotopes are 
expected at Kb®*, and Nb®i 

1 = 10 

This series starts u ith tho stable isotope Zn™ and is continued up to Cd^®® 
Ru®® ought to be stable and wo may look for )3*‘.a(tivo nuclei at Rh^®® 
and Agi®® 

1=11 

This group contains 11 suoi^ssive stable isotopes from Br®i to Rh*®t 
To this group also belongs Ma*’’, still undiscovered Tlie first jS'^-iotivo nucleus 
IS C!di®^ shown as doubtful There are two intervening absent nuclei, Pd*®® 
and Agi®®, which may bo /J^-active. Qa^* may bo /3~-active, 
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I»12 

This group starts with the stable nucleus Ge^* and is continiietl up to Sn'i*. 
There is one absentee at Iniio which may be jS'^'-active 
1= 13 

The stable group starts at Mo®? and is coniinuecl up to Ag^®? Ma®® is 
exported to Ik< stable and one of tho ehwf i8otop<*s of the clement, which is 
still undiscovered As?®, Y®i and Nb®® may bo j8“ -active 
1 = 14 

This group starts with stable isotope So®® and ends with Sn^i* /3~-activo 
isotopes at Br®* and Nb®® are oxjiected Besides, a stable Ki®® is expected 
Nier (193S) looked foi the isotope and has found that it it exists its abunclniice 
IS less than 3 X 
1 = 16 

The first stable nut lens <if this group is at Ag^®® and tho last one at 
The nuelous PtU®? may be also stable Br*®, Rb®®, Sr®i, Y®® and Nb®? may 
be j9"-attivo 

Mamr%am 

Tho elomoni ‘43’ Masiiriam has not yet been satisfactorily identified 
Let us see what pietliction can be made about it It is ox^iected to have 
isotopes of the following atomic weights 

94 95 96 97 98 09 100 101 102 103 

+ + H — StH — St d — — — — 

Tho two stable isotopes aio expootod to have tlie masses 97 and 99 Of 
these 99 is oxjKictod to be more abundant 43 Ma®®, though not yet observed 
on tho earth, has boon detected by an indirect method by Abelson (19396) 
Ho obsoi ved that Mo®®, which is -active (period 64 hrs ), has, besides, a branch 
activity, and one-fifth of Mo®® is conveited to 43 Ma®® which emits a y-ray and 
lapses to a stable isotope Tho y-ray is internally converted, which expels 
an electron from the K-shcIl, and Ka-line of Ma is emitted This has been 
detected by Abelson 
I = 16 (See Chart 2 ) 

Tho first stable isotope is at Zr®® and the last one so far detected is Xe*** 
The following radioactive nuclei may bo looked for — 

Nb®8 Mai®2 Rhio« Sbii® li** 

- - - + -f 

1 = 17 

There are only throe stable nuclei Cd'^®, In''® and Sn^? in this group 
Sb^i® IS not yet known It may bo either stable or ^-active Ma^®* and 
Rhi®? may be /3”-aotive 
1 = 18 

This group starts with Pd^i® and is continued up to Bai“ Cs^®* may be 
)3'’'-aotivo 
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I = 19 

The stable isotopes m this group are and Alter these 

we liave neither stable nor radioatti\o nutlei in this group may be 

either stable or )3'^.autive, so is Xei *7 

I = 20 

The group staits with the stable nucleus and is (oiitimiod up to 

Sail** Theio is a notable alwentee amongst stable niulii at Itndio* 

attive nuclei arc e\|K‘cUsl at 

lulls 1^,134 IV SH ^^\i 02 

— H — + + + 

I = 21 

We have got loin stable mu lei m this group from Sb^^s to Xe^29 k xvill 
bri interesting to look lor mu lei furthei beyond at lia*-*®, La'^fi and 

P*® may bo /9“-activo 
I = 22 

The fiist stable isotope is Hid®® and the stable senes tciminati's at the 
stable isotope N(d*® Ra<lioa<,tive multi «iui be looked for at CV*®, (H — ), 
Laiao _) 

1 = 23 

The first stable mu lens in this group is Xe^®i and the last one is Hm'*’^ 
Ijat 37 IS a notable absentee and Co^®® is anomalous Auoiding to oui rule 
this ought to bo stable As a mattei of fact cerium shows anomaly in the 
next group I = 25 and (Je^*® as well as Co^^S whith arti shown to bti and 
j 8 “ -active respectively, ought to bo stable according to oui rule The gaji at 
0 iXi*® IS still to Imi filled up 

I = 24 

This group shows the first stable nuelous at Sn^®* and is continued up to 
Gd'®® Sb^*® ought to be /3~-nctivo Snd<® is a-active This is indicated by 

the double arrow which shows that after the omission of a-ray it is transformtul 
into Nd^®* According to our classification a*ac tive substances arc to bo classed 
with stable nuclei 
1 = 26 

The first stable nucleus is at Bai*® and excepting for the anomaly at 
Ce*®^ this group is continued up to Eid®® Xe*®® and CsH® may be either 
stable or )5~-active Pr^** ought to bo a stable isoto[)u, so should also be 
oiX^*^ Gd^®* may be stable or j3'*'-active 
I = 26 

The first stable nucleus is at Te'®® and the last is at Er^®* One may look 
for the radioactive nuclei at 

im Cal®® PrM4 „xi*« Tbi®® Hoi®® 

- - + + + 
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I = 27 

This contains only two succossivo stable elements at Eu*®* and 
The next element alno probably stable Tins group is flanked ^ 4 

both Bides by nidioaetivo nuclei winch start from Sb^*® Search may bo madk 
for other radioactive nuclei at 

1133 XeiSB Ch 137 Laui Pri46 Tb«7 Hoi«i Er^s Tui«s 

------ - + + + + 

1 = 28 

Tins group starts with the stable nucleus and wo should have stable 
nudei at Ba^^® and Coi44 Others, whuh according to our rule should occur, 
are present up to Yb^BS ^ vVo should exjieit the following radioactive niu Ici — 
Csl38 1^1142 p,14« ojXlBO Hol#* Tul«« Llll^Ootc 

----+ + + 

I = 29 

We have three successive stable nuclei at GdiB7^ Tb^B®, DyiBi EidBS and 
Hot®* may bo cithei stable oi iiulioactive The following radioactive nuclei 
may lx> l(K)ke<l foi — 

oiXiBi Euier. Ho1«8 Tu»07 Lu 171 otc 

- - + + + 

I =30 

The group starts with the stable nucleus N(BB0 and is continued up to 
Hfi74 \yi78 may bo a stable isotope of tungsten The following radioactive 
nuclei are expected — 

eiXiB2 Eu‘B8 Tu1B8 Lu 172 Tai7B RolBO 

---++ + + 

Element 61 

The disooveiy of elomont ‘61’ has been claimed and disputed It is 
passible to make predictions regarding its number of stable isotopes, their 
abumhtince, and radioaitivo'isotoiies The chart shows that we may expect 
isotopes having the mass-numbers — 

144 146 146 147 148 149 160 161 162 

+ St +- St +_ _ +_ _ _ 

The two stable isotopes with A = 146, 147 will have probably the same 
order of abundance 
1 = 31 

We have got five successive stable nuclei, viz , Dy^®*, Hot®®^ Eri®7,Tu7®®, 
Yb'Ti They are flanked by a certain number of radioactive nuclei Search 
may be made for 

«iXi68 SmiBS EidB7 Tbi®i Lui78 Hfi7B Tai77 wm 

- -orSt? + + + + 
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1=»32 

The series starts with the stable nucleus and tenninatos at Os^*^ 

ilafch may be made for the folio wmg ladioactive nuclei — 

Tbi«2 LuiM Trim r<,i82 

- -+ + + 

1 = 33 

Wohavo three suocossivo stable nuclei at Ybi^s^ and 

and may also probably bo stable Search may bo made fur the lollowing 
radioactive elements — 

Hoi« lloi83 0 s18g itc 

- + + + 

It may be mentioned lioro, as a pioot ot the nsetnliicss ol llio l.d)le, that 
It makes Lid^s Htablo and probably the most abundant isotope Ihit this 
mu lens IS mentioned as j3'’-aitivo in the Tables published by Gregone (llMSfc) 
Maltauch and Lichtblau (1939) have subsequently shown that ihete is an 
isoto|)o at Lid^a with abundance of 2 6% and it has lx on showni by Libb> (1939) 
that it 18 Lid^8 which is /S~-aotive with the miusiially long lile of Ibi® yrs 
and not LutVft Lid’« is thus just like long-lived K" and Ub87 
1 = 34 

This seiies starts with the stable iiuckus tcininiatis at the 

stable nucleus Os*®* The following ladioai tivc nut Ici may Ixi looktsl lor — 
Tui72 Ko184 

- + 

1 = 35 

There are hvo successive stable isotojxs Ix'giiiiniig fiom Tlf ‘^o uj) to Osi87 
They arc flanked on the left by two /3~-activo nut lei and the following may 
bo looked for — 

Tui78 Lid?7 lii8# Ptioi 

-St? + + 

1 = 36 

The senes starti with the stable isotope Yb^^® and ends with Hgl*8 
Search may bo made for 

Lu« 8 Iriw AuiM T1108 

- + + + 

1 = 37 

There are throe successive stable nuclei at Rot87j Os^*® and Irt*', Hanked 
as usual on the left by the )3~-attivo and on the right by /3^-active nuclei 
Search may be made for 

Tai88 Aui»8 

+ 
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1^38 

This series starts with W^*® and ends with Hgi®® Au^®® is shown as 
a -active nucleus with two xioriods 4 days and 13 hours 

1 = 39 

This senes has four successive stable nuclei from Tri*® to Hgi®® There 
may be more stable nuclei to the right, eg ai Tl*®i 

1 = 40 

This senes starts with the stable nucleus Os^®* and ends with Pb®®® 
Tl*os may bo /3'*'-activo 

1 = 41 

Wo have two sucwssivo stable nuclei, Hg®®! and Tl®®® Pb®®® may bo a 

stable isotojio On the loft side we have the /3”-aotive niieloi Aii*®®, Pti®^ and 
Os^®®, but on the nglit side no representative has yet boon obtained We may 
have Ir^®® (/3~-active) and Bi®®7 and Po*®® (j 8 ^-active) 

1 = 42 

From this senes we enter the region of natural radioactivity, the a-omitting 
nuclei are treated as stable for our purpose The rule of alternation is obt‘yed 
in this senes and wo liavo stable nuclei at Pt^®®, Hg®®®, Pb®®® and Po*i®, the 
last one being a-active Au®®® ought to be -active and Bi®®® ought to be 
^‘^-aotivo These have not yet boon found 

1 = 43 

This senes also obeys the laws stated, as wo have successive stable isotopes 
at Tl®®®, Pb*® 7 ^ Bi®®® and Po®w (a-activo) The group is flanked on the left 
by jS'-aitive nuclei in whuh Au®®i is an absentee On the right, jS’^-activo 
nuclei may be expected, such as ssX*** and Rn®^® 

1 = 44 

Hero also the rule of alternation is followed from Hg®®* up to Po®i® 
(a-activo) No jS-active nuclei on the left or right have yet been found 

1 = 46 

Wo have throe -active nuclei and only one ‘ stable ’ (a-active) isotope at 
Bi®ti Both Po®i® and may bo either stable or a-active nuclei 

1 = 46 

Only four isotopes are present which follow the rule, exceptmg Pb*i® 
which IS an anumaly This nucleus is actually |3~ -active but ought to be stable 
or a-active according to our scheme Rn®i* may be stable 

1 = 47 

We have * stable ’ nuclei at Po*^®, Rn**®, Ra**® and Th**’, all being a-active 
If the odd number rule is valid then probably 87 X*** and Ac**® should 

also be ‘stable’ or a-aotive 
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1 = 48 

In tluH 8ono8 Pb*i2 (Th B) should bo stable, but actually it is -active 
(Ra C) should be j3“-aotivo but thw actually emits, as is well known, both 
a- and jS-rays Apart from these two anomalies the other nuclei in this series 
follow the stability rule These are Rn®*®, Ra®®* and Th®®*, all being 
a-active Wo should expect Ao®®® to bo all j8“-activo 

1 = 49 

This group IS very small having only two stable isoto|ies at Th®®® (which 
IS doubtful) and Pa®®i (which is a-activo) U®®®, if it could bo obtained, would 
probably be a-activo 
1 = 60 

Hoto also wo have an exception to the rule in Pb®i* (Ra B) It ought to 
emit a-partule, but actually it omits ]8-rays passing to Ra (’ Othei nuclei 
follow the rule Those ai-o Po®i*, Rn®®®, Ra®®®, Th®®® and U®®*, all being 
a-active We ought to have /3~-activo micloi at Bi®^®, 86^“^ 87X2®* 

Ac®®8 IS found to bo /3 -active and Pa®®® may bo )3^-activo 
1 = 61 

There is a single stable nucleus U*®® flanked by throe j8”-activo nuclei on 
the loft gaX®®^, according to those rules, may bo ‘stable’, » e a-activo It is 
now well known that U®®® forms about 0 7% of the most abundant isotoi>o 
U®®8 

1 = 62 

Here also we start with an anomaly at Ra®®® which in«lead of Isung 
a a< tivo H /S“ -active The other two nuclei m tlus group ati. Th®®® which is 
a-active as it ought to be, and Pa®** which is /3~-ajtive U®®® ought to bo 
stable (or a-active) 98 X®®* ought to be )3^-active 
1 = 63 

Them arc only throe nuclei in this group of which the first two, e g , 
Ra®®® and Th®*® are j8" -active and ^X**® is probably stable or a-activo U®*!^ 
may be either a- or jS-active Ac**i and Pa**® will probably bo /3”-active 
1 = 64 

In this group the nucleus Th®** is an anomaly, because aocoiding to 
the rules it should bo a-activo, but actually it is -active Pa®*® ought to 
be )S“ -active 

Element 85 — Radw-Iodine 

Element 86, still undiscovered, is expected to have isotopes of the followmg 
mass-numbers — 

212 213 214 216 216 217 218 219 22U 

— St (?) — St. (?) — St or a- — or a- — — 

The stable isotope of element 86 should have an atomic mass of 217 
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ElemerU 87 — Radvo-CoMium 

This olemont w oxpootod to have isotopes of tho following mass* numbers — 

221 222 223 224 

St or a- — — — 

So it appears to have only one stable isotope of mass-mimbor 221 . 


Evasion of Uranium and Thorium 

Alter a c*ei tain amount of progress had been made with tins jiaiwr, wo 
roooivod the September (1930) number of the Physical Review, containing a 
jiaiior by Bohr and Wheeler (1939) on the ‘Mechanism of Nuclear Fission’ 
In this piper, tho raochamsm of nuclear fission is explained by using a (I)/A- 
diagram (Fig 8, p 446) which is very nearly identical with the one usi'd heie 
As luontumod already, only a pari ol tho diagram from Bi to Smi^° is slioa n, 
and no other use is made of it, exoept to illustiate the mooluinisni of fission 

A few points regarding fission can bo elucidated by means of our chart It 
has been now proved tliat the effect of bombarding U or Th-nuclei with neutrons 
IS probably (1) to release a number of neutrons, estimates vary from 2 to 6 
(see Zinn and Szalard, 1039) , (2) to split up the remaining nucleus into almost 
two equal lialves, which leave each other with energy of about 200 Mev 
Thu energy of splitting can bo oalculated from theoretical considerations of 
tho onorgy-foimation of nuclei, and is found to be in accordance with 
ux|)orimental observations 

Tn some cases, the products of fission and the products of successive 
disintegrations have been correctly nlentifieil, in othei cases all the hnks 
liave not been sjitisfactoi ily traced Wo give below in Table I a summary 
of tho results so far obtained by different obsorvois, showing tho sucoossivo 
senes which have boon observed 

The tables have been compiled from recent vorks, particularly those duo 
to Hahn and his co-workers (1939), ami Abelson (1939a) Wo may add some 
notes regarding the establishment of each senes of sucoossivo products, and 
identification of the mass of tho nucleus, which is mdicatod at the top of each 
column 

The first series (second column of Table I) 

6iSb«7 5s1127 

80A lOA stable 

has been cleared up by Abelson, and its mass, 127, was identified from the 
observation that a lOA -Te isomer was already discovered by Seaborg, Livingood, 
and Kennedy (1937) It should terminate with stable The fission nuclei 
are indicated by the symbol ^ in the Chart The nuclei under mass numbers 
against whioh there are query marks have not been shown m the Chart 
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TABtK I 

Products of Ftsston of Uranium 


v^Mase 

127 

120 

111 

13J» 

136* 

117’ 

130 

141 ’ 

143 T 

Nuclei"^ 










«oSn 










6iSb 

80/< 

4i/i 


5m 

<• lOm 

<10w 


r 


saTe 

OOd 

lOA 

sod 

70m 

SOh 

26m 

7U 

4 hn 

60m 





1187 

Stable 

IS, Vi 

8d 

2 4/i 

64m 

21h 




64Xe 


stable 

Xe»8i 

stable 

St or 

-(T) 

- 

- 


16«i 






C8-»S» 

stable 

st or— 

- 

6m 

33m 


66»a 





Hais® 

stable 

Ba»7 

stable 

86m 


14t» 

j,La 







Leiis 

stable 

m 

2 6/t 

ssCe 








Cel«* 

stable* 

- 

eaPf 









PfUS 

stable 

JoNd" 











* Vide reinarks, page 65 


The mass of the second Hcnes (A = 129) wns idoiitihed liom the 70w 
(1 A)-Te discovered by Seaboig et al It ehouldend in Xe^^o (stable — 26%) 
The mass of the third nenes (A t= 131) was idcntihcd fioni the tki-I, 
discovered by Seaborg et al It should end in (stable — 2 2%) 

The identification of the masses of the three remaining senes is far 
from clear , but they cannot have the oven masses, 132, 134, 136, as suggi^sted 
by Abelson (1939a), for according to our chart (vtde nuiss-liuee 132, 134, 136), 
I^**, Teiw and Ii** should be stable One has merely to go up along the mass- 
lines 132, 134, 136 and it can at once be seen that the points Ii**, Tpi®^, li®* 
would be stable according to the rules formiilaterl by us 

These three unidentified senes should have therefore the odd mass-numbers 
133, 136, 137 respectively, but it is of course not possible to say which number 
refers to which group 

X^**-group should end in Csi**, »« we should have in addition a 
j8”-emitting Xei®> in this group There is just a chance that Xe’*® may be 
stable 
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XI 36-group HhouJd ond in or if tho latter is stable In any 

case, we should have a Xoi86^ /3~ -emitting 

Xi87.gr(),ip siionhl on«l iTi Ba^*^ Hence this group should show a 
-(mitting and a /3“-emittmg Xot*? 

Tho ond product of X^*® has been definitely identified by Hahn et al (1939) 
Mith La’S® 

Tho masses of the othei two gioups are not yet flofimte But they cannot 
Imi even for tho same reason as in tho case of X^®*, '36^ i37 but odd They 
have probably the mass-numbois 141 and 143 

Tho gioup Xt*t nhould ond in Ce^^i, which as lemarked already should be 
a stable isotope of Ce 

The group X^** should end in je it should have ^“-emitting 

Coi*3 

We have thus shown that according to Hahn tt al, and Abelson, one 
of tho immediate products of fission of uranium may be any cnld mass from 
127 to 143, 9 in numbt'r These contain too large a proportion of neutrons, 
and therefore undeigo successive ^“-transformations till they end in stable 
nuclei which have mvanably odd mass numbers The highest number of 
/5“-tiansformation so tar detected is four (for X^^t) 

Since tlie starting nucleus was either U®®® or U®®®, and probably two 
neutrons are omitted before fission, the other component of fission would bo 
a nucleus with an oven mass For example, the other component of the 
fission process which gives rise to 64 X 1 ** should be agX®® The results on this 
side aie rather confusing, and the different senes have not been completely 
wcirked out Only tho follow ing senes appear to have been worked out fully — 
35Br«8 ,3Kr88 -► jyRbss -► ggSr** 

35m 3h (?) 17m Stable 

This 18 based on the identification of gjKi®*, which is, however, doubtful 
(Langsdorff, 1939) 

SUMHABY 

A chart has been drawn with A, the mass-number as abscissa, I, the 
isotope number which is defined as the excess of the number of neutrons over 
protons as ordinate, and Z-hnes, at 46° to the abscissa or ordinate In this 
cluvrt, all nuclei, stable as wrell as radioactive, have been represented with their 
abundance (for stable nuclei) and half-lives Tho chart enables one to form a 
complete picture of all nuclei so far known, as well as of the nuclear processes 
Rules of stability have been noticed, in the case of nuclei wnth even mass- 
number, these have been partly foreshailowed by Bethe and Bacher, the rules 
for stabihty of odd nuclei which are noted here are believed to be new A 
large number of predictions have been made regarding the occurrence of rare 
stable nuclei, and of radioactive nuclei In the case of elements still un- 
discovered, Nos 43, 61, 86, 87, predictions have been made regardmg the 
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number of i8otoi)cs and of the most stable varieties A numboi of anomalies 
m the present list of stable elements has been pointed out which ought to be 
cleared up The mass-numbers of the U-lission product senes to which 
Abelson assigned the values 132, 134, 136 have been shown to be untenable 
The coirect mass-numbers appear to be 131, 133, 135 resfieUivoly Further, 
two senes have been shown to possess the mass-numbers 141 and 143 
respectively 
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THE SECOND MAXIMUM OF THE ROSSI CURVE 

Ry N N Das Gupta, M Sc {Cal ), Ph D {Land ), Paht Laboratory^ University 
College of Science, Calcutta 

(Comtnunio.ited by Prof M N Salia, F R S ) 

{Rend March 11, 1940 ) 

Introduction 

Dunng recent yeara great pi ogress has been mode m understanding the 
phenomenon of production of showers by high-onorgy electrons and positrons 
It 18 known that such an electron (or positron), duiing its passage through 
matter, loses energy partly by ionization and partly by radiation For every 
material there is a critical energy (E^) at which the energy losses due to radiation 
and ionization are equal If the energy of the particle is above the ontioal 
energy, the energy-loss due to radiation exceeds that due to ionization, while 
the reverse is true if the energy of the incident particle is less than Eo This 
ontical energy for lead is about ten mUhon electron volts A cosmic ray 
electron, whose energy is generally much higher than this amount, will at 
first lose its energy mainly by radiation dm ing its passage through load The 
electron then radiates a few hard quanta which proceed in almost the same 
direction as the original electron and in their turn lose energy by creating 
pairs of positive and negative electrons Each quantum gives rise to one 
pair of electrons which share the total energy of the quantum Hence, if wo 
had started with one primary electron of energy E© incident on a sheet of 
matter, after a small thickness is traversed, we are loft with several electrons 
of both signs whioh have energies comparable to Eq 

Each of these electrons continues the process of generation of fresh quanta 
and ultimately of pairs of electrons The size of the shower, » c the number 
of secondaries produced by the primary electron, increases and the energy 
of the shower electrons decreases mi more and more matter is traversed 
Finally, the critical energy of the material is reached when the energy-loss 
due to lomzation becomes equal to that due to radiation The ionization- 
loss becomes still more efiPective as the energy of the electron is further reduced 
No multiplication therefore takes place and the electron is ultimately stopped 
due to its energy being completely lost by ionization 

This cascade theory of shower formation has been worked out m detail 
by Bhabha and Heitler (1937) as well as by Carlson and Oppenheimer (1987) 
Their theoretical predictions are conjBrmed m a very striking manner by the 
cloud chamber photographs of Fussell (1937), Trumpy (1988) and Street 
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1939) In those photographs the siicoessive stages of shower formation by 
radiation and pair-formation are clearly wible From the work of Fussell 
it 13 also evident that the majority of the showers at the sea level are produced 
by the oasoade process 

Tn order to study the showers released from a sheet of lead by the incident 
cosmic rays, Rossi (1934) employed a system of throe counters arranged in 
such a way that the same particle cannot pass through all of them If 
these counters arc activated simultaneously a coincidence is recorded which 
indicates in general the release of two or more loni/ang particles from load 
Rossi found that with his arrangement the number of ooinoidonees increased 
with the thickness of load used and that this number reached a maximum at 
a thickness of about 1 6 oms of lead Since the work of Rossi a great variety 
of counter and radiator arrangements have been used m order to study in 
detail the nature of the showers released from thin sheets (Froman ami Stearns, 
1938) As a result of these investigations it is now well established that the 
formation of showers under small thickness of mattei and also the first maximum 
of the Rossi curve can be well explained by the cascade theory by assuming 
that they are caused by the soft component of the cosmic rays 

The showers under groat masses of matter have been investigated by 
Follett and Crawshaw (1036), Ehmert (1937) and Morgan and Nielson (1937) 
As mentioned before the intensity of the cosmic ray showers in lead rises to 
a prominent maximum at about 1 6 oms of load, after which the shower, 
intensity falls rapidly with increasing thickness of the radiator Beyond ten 
oms of lead the rate of diminution becomes very small and the transition 
curve finally extends into a long tail with very little slope Ackemann (1935), 
Hummel (1934), Dngo (1934) and Clay, Gemert and Wiersma (1936) showed 
that there is a second rise in the coincidence curve at a thickness much beyond 
that corresponding to the first maximum They found that as the radiator 
thickness is moreased, the shower frequency reaches a second maximum 
between 16 to 20 ems of load This is known as tho second maximum of the 
Rossi curve after which the shower frequency again diminishes Bothe and 
Sohmeisser (1938) mode a detailed study of this second maximum and came 
to the oonolusion that this becomes more prominent as the angle at which 
the shower is observed is reduced At angles greater than ten degrees the 
second maximum is hardly noticeable, while at four degrees it is as prominent 
as the first Bothe accounted for the failure of some of the early observers 
to detect a prominent second maxunum to be due to their using wide angles 

By conducting the expenipent under open sky and also in the cellar 
Bothe showed that the second maximum is produced by the penetratmg 
component of the cosmic rays, a fact which is also evident from its position. 
Theoretically the exact mechanism by which mesotrons give rise to this second 
shower maximum is not very clear A mesotron can mitiate showers in two 
distmot types of {^ocesseq, The first is the ionisation shower postulated by 
Bhabha (1938). In this process a mesotron is supposed to knock out an 
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extra-nuolear electron to which it gives less than half its kinetic energy The 
knocked out electron subsequently produces an electron shower in the usual 
cascade process Bhabha (1938) estimated that due to this process in lead 
mesotrons of energy of lO^® e v will bo associated with soft electrons to the 
extent of fifteen per cent According to Hopkins, Nielson and Nordheim 
(1939) and Lovell (1939) the majority of the showers under thick layers of 
matter are fully accounted for by the Bhabha ionization process Difficulties, 
however, arise as soon as attempts are made to explain the production of the 
second maximum of the Rossi curve by the Bhabha loni/ation process A 
oharactonstio of these ionization showers will bo that the primary mesotron 
will come out of the radiator assoc lated with the shower particles which will 
be ordinary electrons From the position of the second maximum and also 
the rate of absorption of the shower particles it appears that the shower 
particles in this case are not ordinary electrons but mesotrons 

Tlie other alternative in which mesotron showers may bo produced is 
the multiple omission process, in which a heavy electron is absorbed or scattered 
by the nucleus and several heavy electrons are produced The showers gene- 
rated m this way have been investigated theoretically by Heisenberg (1939), 
Hoitlor (1938) and Wentzel (1938) But the occurrence of such close angle 
showers (<10®) as found by Bothe and Schmeissor cannot bo explained on 
this theory unless some arbitrary cutting principles are introduced 

It will be evident from the above that the exact mode of origin of the 
second maximum is not very clear It may be that the showers of both kinds 
are prpsont in this maximum (Ehmert, 1939) Apart from these theoretical 
uncertainties great doubt has been thrown on the presence of this maximum 
by the recent work of Morgan, Nielsen and Nielsen (1939) They investigated 
showers under great masses of iron using four-fold coincidences for recording 
the showers The showers at both 7* and 38° wore recorded but no second 
maximum could be found in the shower curve, even though the radiator thick- 
ness was increased up to 300 gms /cm * As the four-fold coincidence method 
should be more sensitive to the showers from the top, the authors conclude 
that the second maximum found by Bothe and Schmeisser is due to background 
effect It IS, however, not clear why the background effect should occur only 
at a particular lead thickness 

On account of these theoretical and experimental uncertainties present 
m the second maximum of the Rossi curve it was decided to carry out a senes 
of investigations on the second maximum usmg different expenmental arrange* 
menta The present paper contains an account of the preliminary work in 
which we have repeated Bothe’s experiment with three-fold coincidence 
arrangement 

EXPBRIMXNTAL ArRANOEMBNT. 

The cosmic ray shower apparatus used in this expenment is shown in 
fig. 1 It oonsists of a massive iron frame capable of supporting a ton of lead 
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above the counter assembly The lead radiator, more than 20 ems thick, 
which was formed with bricks piled upon one another can be seen at the top 
of fig 1 The radiator covered a total surface area of 40 X 40 cm * 



COSMIC RAY SHOWER APPARATUS 

Fio 1. 

The counter assembly consisting of four counters, the amplifier with the 
thyratron recorder, the high voltage stabilizer for supplying voltage for the 
counters and the power-pack for the amplifier can be seen in fig 1 The 
apparatus was made portable and suitable for outdoor work The amplifier 
for recording four-fold coincidences was of Barasch (1934) type using a dis* 
oruninator and a final pulse equalizing valve The high voltage stabilizer 
using Street and Johnsoo’s (1932) circuit was capable of supplying a hi gh 
tension up to 3000 volts, fig. 2 represents the arrangement of the counters. 
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Four counters were arranged at the corners of a trapezium below the lead 
radiator which was 77 oms above the two lower counters , these subtended an 
angle of about 6° at the middle point of the lower surface of the radiator 



Fra 2 


Only three-fold coincidences were recorded with the two upper counters 
oonneoted m parallel By this arrangement at least two shower particles 
were necessary to cause a coincidence An intermediate sheet of lead 1*6 cm 
thick was placed between the lower counters so as to stop the spurious 
oomoidenoes caused by the electrons released from the counter walls passing 
from one into another There was no absorber between the upper and lower 
counters. 
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Most of the measurements were made with brass counters 0*7 mm. thick, 
2*6 cms wide and havmg a workmg length of 20 oms The connters were 
sealed m pyrex tube 0*4 gms /cm * thick In order to cause a comcidence a 
cosmic ray particle had to traverse a total thickness of 3 76 gms /cm * including 
a piece of wood supporting the upper counters From the calculations of 
Bethe and Heitler (1034) it was estimated that the cosmio ray particles causmg 
the coincidences had energies exceeding 10 million electron volts 

IlEsiJin^s 

The following table indicates the results obtained with different thick- 
nesses of the lead radiator placed on the top of the iron plate, quarter inch 
thick This thickness of iron is eqmvalent to a thickness of about 0*2 cms 
of lead, according to Bhabha’s theories This constant thickness of 0*2 cms 
has been added to the actual load thickness in ordor to get the figures given 
in column (1) under the head 'total thickness oi the lead radiator *. 

As the number of comoidences per hour was small, each reading had to 
be extended over a great length of time in order to count a sufficient number 
of comoidences, to reduce the statistical errors The total number of coin- 
cidences counted is indicated in column (3), while the total time mvolvod in 
each readmg is given in column (2) The rate of comcidenoes per hour has 
been indicated in the lost column with the probable error 68 \/^/^ whore 
N s=» total number of coincidences and T the total time of counting No 
correction has been made for the accidental comoidences, calculation showed 
that they would bo about 0 86 per hour The results are shown plotted in 
fig 3 whore the probable error m determination has been indicated by 
vertical lines 

Table I 


Total thiokniMs 
of the Fb radiator 
in oms. 

Total timo of 
counting m nunutea 

Total number of 
oomoidenceB counted 

Oomoidenoe per hour 

2 

498 

68 

%2± 67 

12 

724 

122 

10 6± 64 

22 

666 

104 

9 6i 6.3 

47 

1139 

147 

77± 44 

72 

1560 

147 

6 7± 82 

97 

704 

60 

60t 44 

12-2 

786 

64 

4 9t 42 

14 7 

1078 

74 

4l± 32 

17-2 

1002 

91 

SS± 39 

19 7 

1236 

129 < 

9-3± 38 

222 

641 

47 

5>2± 62 


From the curve shown m fig. 3 it will be evident that the oomoidenoe 
curve has two proimnent maxima of comparable intensities The second 
maximum occurs at a thickness of lead of about 18*6 cm which is slightly 
^ greater than that found by*^ Schmeisser and Bothe (16*6 cm.) The intensity of 
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the first maximum is much reduced as only close angle showers were observed 
and the experiment was carried out under one layer concrete roof of thickness 


NUMBER OF COINCIDENCES 
PER HOUR 



20 cms approximately This cuts off some of the softer components of the 
incident cosmic radiation The second maximum is, however, unaffected by 
such small thickness of matter The ocoui renco of the second maximum at 
18 6 dms 18 in very good agreement with the calculations of Ehmert (1939) 
based on the absorption coefficient of the shower particles 

The first maximum occurs at 1 3 cm of Pb thickness which is slightly 
less than the usually accepted value of 1 6 cm No groat mve was, how- 
ever, taken to dotermme its position very accurately, as the chief interest 
of the experiment was to tost the presence of the second maximum if any 
It will bo apparent from fig 3 that there are many coincidonces even with no 
Pb radiator placed above the counters These are duo to showers from air, 
roof, walls, etc which are paitially absorbed by mcroasing the thickness of 
the Pb radiator The second part of this background effect is not affected 
by placing Pb over the counters As found by Botho and Schmeisser it is 
not possible to avoid completely this background effect However, the 
presence of two maxima m the shower curve w clearly proved by the results 
of the present experiment 

The experiment was earned out in the Cosmic Ray Research section of 
the University College of Scienoe at Calcutta It is with great pleasure the 
writer acknowledges his grateful thanks to Prof M N Saha, D So , F R 6 , 
for his kmd interest and encouragement m this hne of research My thanks 
are also due to Dr S C Sirkar and Mr P C Bhattaoharya for helpful 
discussions. 



72 K N DAS OFPTA THE SECOND MAXIMUM OF THE BOSSI OUBVH 


Summary 

Cosmic ray showers from lead have been investigated with throe-fold 
comcidenoe arrangement up to a total thickness of 22 cms of lead The 
minimum angle subtended by the shower particles at the lower surface of the 
radiator was 0° With this arrangement the shower curve shows two pronunent 
maxima at 1 3 cms and 18 6 cms of lead 
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A CONTRIBUTION TO THE MORPHOLOGY AND CYTOLOGY 
OF GARTH AMU 8 TIHCTORIUS LINN 

By 1 Bankbji, Department of Bdany, Calcutta University 
(Communicated by Prof S P Agharkar, Ph D , F L S ) 

{Rmd January 2, 1940 ) 

Carthamus tinctoriua, commonly known uu ‘Safflower’, is a crop plant 
of great economic iinpoitanco It is widely cultivated in India both os an 
oil seed crop, and lor the reddish dye in the flowers {CartJiamin) The dye is 
found m the florets and these aie tollefted at frequent intervals after the 
sotting of the seeds The oil extracted from the seeds is known as ‘Kusum’ 
oil, and 18 supposed to have good drying pro|x»ttie8 It is groun in India 
chiefly as a'Rabi' crop 

The plant belongs to the tribe (’ynareai ot the family Composita? An 
account of the flowering, polliiiatioii, natural cross*fortilisation and the isolation 
and description of 24 unit s|)ecies has already boon given by Howard, Howard 
and Klian (9) The ehromosoino number of tho plant was fiist recorded by 
Gregory (7) who found tho diploid number to bo 20 Later, Patel and Narayana 
(15) who woikod on Pusa tyjx^s found the monoploid and diploid numbers 
to be t w elve and twenty-four rcspcclm ly Tins has been confirmed by Gregory 
(6) for the Pusa typos, and he is of opinion that tho variation found m the 
chromosome number was due to his havmg woikod previously with Coimbatore 
types — which might be distinct karyotypes Gregory (7) has also worked 
out the process of somatic mitosis in this plant, and has demonstrated tho 
ohromonematic structure of tho chromosomes No other literature on Gar- 
thamua tindonua, besides those mentioned above, has boon noted by the 
present wnter 

A considerable amount of morphological and cytological work has, however, 
been done on the family Composit© Schnarf (16) and lately Bliargava (1) 
have summarized the hterature and it need not be repeated here As no 
reference was found on Carthamus ttnctorxua, it was thought desirable to 
take up the mvestigation of which this paper gives an account 

Material and Methods 

The material was collected from plants grown in the University Ckillege 
experimental garden from seeds obtamed locally The cultures were qmte 
uniform and aberrant forms were weeded out Capitula of various sizes were 
fixed Before fixation the involuoral bracts were removed and the buds 
tr imme d In some cases it was necessary to cut the heads into three or four 
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parts and remove the upper portions of the flowers, Allen’s modified Bourn’s 
fluid, Lioont’s fluid and Nawaschin’s fluids wore duefly used for fixation The 
first and the last fixative gave good results, but Licent’s fluid M'as found to be 
better suited for the study of embryology The material was dehydrated 
and cleared in the usual way. Sections were cut 6 to 16fi thick dependmg 
on the stage required for study Heidenham’s iron-alum Heematoxylin and 
Newton’s Iodine Gentian Violet stain were chiefly used 

Obsbevations 

(a) The Development of the flower — Before the diflFoientiation of the florets 
the floral axis is convex in outline and is covered by the ovoi lapping bracts 
The prmiordia of the individual florets soon arise in large numbers as minute 
protuberances of the thalamus and are at first convex in outline From the 
edges of the convex papillate processes a number of pnmordia very soon 
grow actively and as a result the central region becomes concave in outline 
(Text-figs 1 and 2) The outgrowtlis from the sides, which are five in number 
(os seen in transveiso section), curve inwards particularly at their tips and 
form an efiFootive covering in the early stages of the development of the flower 
These are the petals The pnmordia of the stamens are seen next, followed 
immediately by those of the sepals (Text-figs 3 and 4) The stammal pnmordia, 
which are five in number, grow rapidly and soon the author lobes become 
differentiated The calyx pnmordia on the other hand remain as mere 
angular projections and do not develop any furthci (Text-figs 4 and 5) The 
last floral whorl to appear is that of the two carpels which originate on the 
thalamus close to the inner side of the stamens (Text-fig 6) They remain free 
in the early stages of their development but very soon cohere and form the style 
(Text-fig 0) At the top, however, they remain free (Text-fig 7) A flask- 
shaped cavity IS seen at the base of the carpels, whore the ovule originates as 
a minute protuberance (Text-fig 7) 

It has been suggested that in many Compositee the style is spirally coiled 
at the base and by its elongation at maturity, it brushes against the anthers 
and thus secures self-pollination Careful examination of the present material 
showed no such arrangement As stated before, the tip of the style is divided 
and clothed by unicellular haii-s Pollination is brought about by the sigmatic 
thrust which is developed on account of an actual mcrease in the length of the 
style due to the coU-elongation or growth, as suggested by Merrell (12) 

The florets appear to be all of the same type and those at the margm 
of the capitulum open first Generally, it takes from four to six days for all 
the florets of a capitulum to open The colour of the corolla becomes deeper 
with the fading of the flowers 

The sequence of development of the floral parts agrees closely with the 
account presented by Ma];;|iin (11) for Atier, Merrell (12) for 8ilph%um and 
Bhargava (1) for Edtpta Merrell (12) found the calyx to be of the nature of 
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Text-figarai 1-7. OctrOumut tinetonue Developmeat of the flower Figa 1 and 8. 
The flower piimordia and the appearonoe of petals. Fig 3. The ongio of stamens; Fig 4. 
The first appearanne of ealyx as angular projections , Fig 6 Development of the sepals 
carpels ; Figa, 6 and 7 The flirther development of the difBsrent floral wboris as also 
the ori{^ of the ovule, x 100. 



76 


I BANEBJI A OOKTBIBtmON TO THE MOBFHOLOGT 


rudimentary pappus composed of two or throe whorls of short hairs Each 
hair being composed of about three cells In Carthamus no differentiation 
of the calyx was noted 

As noted m other species of the Compositai, the nectary was found to 
occur in the form of a ring at the base of the stylo (Text-fig 7) 

(6) Mxcrosporogenesia — In the early stages of its development the anther 
18 composed of a mass of homogenous colls which are polygonal m outline and 
are in an active state of division Hie origin of the archesporial cells in 
the anther could not bo definitely traced It appears that they develop m the 
hypodermal layer, cut oflf a parietal layer, and then difierentiato as the 
sporogenous cells In very young anthers the sporogenous cells have been 
observed to occur in the third layer, they could bo easily made out on account 
of their larger 8i7e, denser cytoplasm, and chromaticity of the nucleus At 
first the sporogenous cells are only one layer thick, very soon, howevci, they 
divide by obUquo walls and become two layered 

Small (18) observed the occurrence ot the archesporium to bo distuictly 
hypodermal in Senecio mdgana Merrell (12) also noted the presence of a single 
hypodermal cell in litlphtvm, whuh by division gave nse to the primary parietal 
and primary sporogenous colls Ixmgitudiiial division of the primary sporo- 
genous colls finally gave rise to a mass of four or five cells m cross section 
Bhargava (1) working on Echpta erecta states, ‘ the aichesporial cells aie rather 
late in diflercntiation and cannot be distinguished from the other cells of the 
author till a parietal coll has been formed on the outside ’ 

The microsporo mother cells in the resting stage are mostly polygonal 
in outline and have dense cytoplasm and conspicuous nuclei The nuclear 
membrane is well defined and the nuclear cavity is filled up with a granular 
substance which is disposed mostly at the periphery (Plate I, fig 1) With 
the onset of prophase the nuclear cavity shows the presence of a number of 
coiled threads which on close examination show the presence of two chromo- 
nomata closely intertwined (Plate 1, fig 2) Gregory (8) working on 
Elettana has observed a similar appearance of the prophasio nucleus The 
reticulum gradually contracts away from the nuclear membrane (Plate I, 
fig 8) and the contracted knot (symzetic knot) generally lies on one side of 
the nuclear cavity enclosing the nucleolus m its meshes The symzetic knot 
18 very tight and it is very difiicult to follow tho arrangement of the threads 
inside it Figure 4 (Plate I) represents a stage of synizesis In no case was a 
distinct connection of the nucleolus with the spireme noted, nor was there 
any evidence to suggest a transferenoe of chromatio matter from the nucleolus 
to the spireme 

There are different views regarding the appearance of the synizetio knot 
which are too well known to be repeated The author concurs with the 
opinion of Gates and Nandi (4) expr^ued in a recent paper that, ‘ synizesis 
itself probably represents a sensitive condition of the nucleus when the dehoate 
threads are easily compacted together by the entrance of the fixmg agent ’ 
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There is distinct evidence as to the growth in size of fhe nucleus dui mg 
83 mizo 8 iB and post-synizotic stages Tins confirms Gatos and Rees ’ (6) obsei va- 
tion on Lactuca 

The contracted spireme gradually unravels itself and loops are thrown 
out from the contracted mass The spireme emerges as a more or less eonti- 
nuous thread (Plate I, fig 6) though occasionally fi-ee ends may bo observed 
Parallelism of the threads is not apparent at this stage but at the next stage 
certain portions of the threads apjHiui to be double in structure The thread 
gradually thickens as it fills up the nuc lear cavity and apjiears as a loose coiled 
rope (Plato T, fig 6) This is tho pachynema stage No distinct second 
contraction stage with radiating loops has been observed in this material, 
though the spireme was observed to be greatly c'onvolutcd before segmentation 
Tho segmented bits of spireme show then double nature very eloaily (Plato I, 
fig 7) and from the natuieof the segments, and the absence of the bionchonema 
stage, it appears that chromosomo conjugation is of tho panisynaptic tyjie 
in this plant Tho segmented bits of spireme next thicken and shorten to 
form the typical bivalent chromosomes (Plate I, fig 8) At tins stage tho 
nuclear membrane becomes indistinct and tho nucleolus also becomes reduced 
in volume though its chromaticity remains the same as before Gradually 
tho bivalent chromosomes roach thoir maximum condensation and tho nucleo- 
lus becomes smaller and paler m appeal anco and finally disappears At this 
stage the pollen mother cells separate from one another and round off In 
the different species of Lactuca studied by Gates and Rees (6) tho pollen mother 
cells frequently separated from one another oven before synapsis Such a 
condition is, however, rarely mot with in plants 

Dunng diakinesis, the gcmini which attain their maximum condensation 
generally he scattered at the periphery of the nuclear cavity The two 
members of a bivalent pair generally ho side by side but some of them show 
the presence of chiasma During this stage the nuclear cavity shows the 
presence of famtly staining delicate fibres from which a multipolar spindle 
18 organized The multipolar spmdlo very soon assumes the bipolar form and 
the chromosomes are arranged in a regular manner in tho equatorial region 
of the spindle (Plate I, fig 9) Though the chromosomes are very much 
condensed yet their bivalent nature can bo made out while they are oriented 
on the spmdle A polar view of an equatonal plate at this stage clearly shows 
12 bivalent chromosomes (Plato I, fig 13) The anaphasic separation of 
the chromosomes appears to be quite regular and no irregulanty in the move- 
ment or distribution of the chromosomes has been noted On reaching the 
poles the chromosomes at first clump together but very soon they separate 
and a filamentous structure in which two closely intertwnned threads 

may be seen A nuclear membrane is secreted and the whole thing assumes 
tho form of a phragmoplast (Plate I, fig. 10) The spmdle fibres at this stage 
are represented by striations m the cytoplasm. The mterkinetio stage is of 
short duration. Dunng the homotypio division the spindles are arranged 
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either at right angles, or paraUel to each other (Plate I, fig 11) Polar views 
of equatorial plates show the presence of 12 chromosomes The chromosomes 
are somewhat curved and to a certain extent they resemble the somatic 
chromosomes As stated before, Patel and Narayana (15) also found 12 
haploid chromosomes in the plants they studied But Gregory workmg on 
Coimbatore types found the 2n number to bo 20 From the evidence obtained 
in the present investigation the haploid number of chromosomes m Carthamus 
tvnctonus appears to be 12 It is at this stage that the protoplast secretes a 
mucilaginous substance which completely encases it As in division I, no 
irregularity during division II was noted On the completion of the division 
four nuclei aro organized in which a fow chromatic dots and somewhat elongated 
chromosomes aro noted The four nuclei are, however, seen to be connected 
to one another by fine stnations of the cytoplasm which disappear later 
Cytokinesis takes place by the method of furrowing The furrows ongmate 
at the periphery equidistant from one another and gradually cut inwards 
and meet at the centre The young microspores at first lie onolosod in the 
mucilaginous envelope (Plate I, fig 12), but gradually this envelope disorganizes, 
and they he free inside the microsporangium Bach microspore when first 
liberated has a somewhat shrunken appearance (Plato I, fig 14) but they 
become round very soon, and tho exino becomes slightly thickened and shows 
a number of fine spinedike projections They are um>nucleate In optical 
sections the presence of three furrows is noted on the exme In surface view 
these appear as shts on tho wall At this stage the tapetal tissue shows signs 
of activity As previously stated tho tapetal cells are uni>nuoleate, but they 
become bi-nucleato by mitotic division during the time when the pollen 
mother cells are in the synizotio stage Multinucleato tapetal colls have not 
been observed in this material Tho tapetal cells grow inwards, and send out 
projeotions in the anther cavity Very soon, however, the cytoplasms of the 
different cells fuse and a plasmodium w formed which fills the anther cavity 
and surrounds tho young microspores The tapetal nuclei he freely distributed 
in tho plasmodium and some of them are seen to lie close to the young micro- 
spores (Text-fig 8) The nuclei are irregular m shape and contain fine 
chromatin granules Juel (10) and Tisohler (20) working independently on 
Stlphum heinvatum observed that the tapetal cells get in between the pollen 
grains, but they do not fuse completely Tho plasmodium, though it enoloees 
the young miorosporos, is only in contact with the tips or spinous projections 
of the microspores in the initial stages But later, with the disorganization of 
the plasmodium, it is observed that a certain amount of the plasmodium 
substanoe has been mcorporated on the oxine which now becomes very thick 
and shows a number of blunt projeotions (Text-fig 9) It is interesting to note 
that Merrell (12) working on 8\lphwm observed collection of plasma aronnd 
the spores which were later encrusted by it m tho form of a sheath The 
pollen grams though uni;puoleate at this stage show prophasio ohanges in 
the nuclei. 
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The mature pollen grams have three germpores Three nucleate pollen 
grains have been noted in Carduua and Centaurea in the tribe Cynarese 




Text-figiires 8 and 9. Oarthamiu Unctonwi Fig 8 PoUon grams eurrounded by 
tapetal plasmodium. XSOO, Fig. 0 A poUen gram on tho outer surfnco of which the 
plaamodial substance has boon mcorporatod. X 1800 

(c) The Development of the megasporea and the embryo-sac — When the 
iniorospore mother cells are in the synizotu* stage a short blunt hemispherical 
protuberance is seen in tho ovanan cavity Its position is slightly posterior 
and it grows obliquely upwaids This is the ovule primordium, which very 
soon curves inwards and from the centre of this body a tmy protuberance — 
the nucellus — three colls in thickness, projects out (Text>fig 10) The integu- 
ment next becomes differentiated It grows more rapidly than the nuoellns 
and by its curvature bnngs about an anatropous condition of the ovule, oven 
before the differentiation of tho megaspore mother cell Very soon a liypo- 
dermal cell at the tip of the nucellus becomes differentiated as the arohesporial 
cell and directly functions as the megaspore mother cell (Text-fig 11) Two 
megaspore mother cells lymg side by side have been noted m some preparations 
(Text-fig 12) Schnarf( 10) mentions the occurrence of two megaspore mother 
cells m Adenoetyles aUiarue The nucellus at this stage is long and very much 
reduced and a single layer of epidermal cells enclose it completely. The 
mtegument at this stage becomes clearly differentiated as shown in text- 
figure 11 The megaspore mother cell next mcreases in size and then passes 
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through tho various stages of reduction division (Text-figs 13 and 14) On 
the completion of tho honiotypic division a linear tetrad of macrospores is 
produced (Text-fig 16) No ‘T-shaped’ tetiad has been observed Tho 
thala/al macrospore alone functions while tho lost degenerate (Text -fig 16) 
It IS interesting to note that in the tube Calonduleje tho nucropylar megaspore 
usually forms the embryo-sac, m hilo in tho tribes Asterca?, Cichorieo* and Sene- 
cionea) oithei the muropylar or the chala/al mogaapoif has been found to 
function During the linear tetrad stage tho epidermal colls covering tho 
nucellus first show signs of dogeneration Tho functional megasporc soon 
divides to form tho two nucleate embryo-sac A central vacuole is noted and 
tho nuclei boc ome equally distributed at tho two polc^s (Toxt-fig 17) At this 
stage the colls of the micropylar canal grow out in tho form of hairs Other 
investigators have noted tho presence of such hairs m a number of Comiiosita? 
Those hairs me luh m jilasma and aio always directed towards the egg- 
appaiatus The rpiadn-mulcatc stage is next icachcd and the* orgam/ation 
of tho ombryo-sac remains tho same as before (Text-fig 18) At this stage 
the embryo-sac is considerably elongated and the epidermal cells sui rounding 
tho nucellus have degonoratocl completely, and tho integumontaiy cells immo- 
diately surrounding tho embryo-sac have become well diffbrentiated and 
increased considerably m a radial direction Those cells form what is com- 
monly referred to as the ‘ integumentary jacket ’ (Text-fig 17) The eight 
nuoloate stage, which follows soon, shows an increased size of tho embryo-sac 
cavity as well as tho yacuole in tho centre Tho nuclei aio distributed equally 
at tho two polos of the embryo-sac Tho mature ombryo-sac is typical of the 
aiigiosporms, but it is somewhat broader m the central region and constricted 
at tho two ends Duo to the disintegration of tho nucollar cells capping the 
ombryo-sac, the tips of the synergids project out and he inside tho nucropylar 
cavity (Toxt-hg 19) Tho synergids have very pointed beaks and dense 
cytoplasm at the distal jKirtion and the nucleus lies just above tho vacuole 
which 18 placed at tho proximal end The presence of synergid haustoria 
wluch has boon found by Dahlgreen (2) and others in some plants of this 
family has, however, not been observed The egg w suspended between the 
synergids and has a large vacuole at its upper portion, and its nucleus is larger 
than that of tho synergids The two polar nuclei he very close together and 
in the centre of tho embryo sac Prior to fertilisation they fuse, the fusion 
nucleus appears to be larger than the egg nucleus, and the nuoleolus ahows the 
presence of a largo number of vacuoles This has also boon noted by Merrell 
(12) Opperman (14) working on Aster states that in some instances fusion of 
the polar nuclei may be delayed until the time of fertilisation, but ordinanly 
the fusion takes place before the pollen tube discharges its contents mto the 
embryo-sac The antipodal cells, which are three in number, are usually 
situated one above tho other in a row , they he in the ohalazal end of the 
embryo-sac The nuclei ^f the antipodal cells soon divide and very soon two 
nuclei are seen in most of the antipodal cells A similar condition of the 



Text flnirsa 10-19 Crtrthamw t^notomu Fig 10 The early ourvatore vt the 
ovule aad ^ origin of the nuoelhu x 100, Pig 11 The differentiation of the mMa^re 
mother cell in the hypodennal layer. x400. Fig 12 Two megaqiore mother fying 
•ide by aide. xOOO, Fig 13 Megoopore mother eell in early prophaae xOOO, Fig 14 
Heteirotypto division. x900, Fig. 16 Linear tetrad of megaaporas. XlSOOt Fig. 16 
Fanotumal xnegasporo and three degenerated Tn eg Mp**" *- xOOO; Fig. 17. Bfouoleate 
of the einM:^-«ao. xOOO, Fig. 18 Quadrintioleate stage of the embcyo-aao. X000( 
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antipodal cells lias been recorded in Dahtlta vartabths and Tagetes stgnatus, 
Schnarf (16) gives a oompleto account of the variation ui the number and 
form of the antipodal c^ells ui different tribes of the Cumposito He, however, 
states that no information is available as to the nature of the antipodals in 
CynaresE) Tackholin (10) has reported as many as forty nuclei in an 
antipodal cell of Coamtdtum burrtdgeanum and Merrell (12) also gives an 
account of the variations that are commonly noted in antipodal cells 

(d) Ftrtil%8(Uwn — ^The ovule, as also the embryo-sac, elongate considerably 
before the entry of the pollen tube, and the egg also becomes very much 
elongated Hie nucleus lies at the lowei portion and a big vacuole lies above 
it The secondary nucleus lies close to the egg At the time of the 
entry of the pollen tube no trace of the synergids or antipodals are noted in 
the embryo-sac Synergids were, however, noted to bo present at the time of 
fertilisation by Mottier (13) in 8emcto The pollen tube enters the embryo-sac 
through the microjiyle Potogamy apjiears to be the rule in this family, but 
Doll (3) found two cases ot ohalazogamy in Bla%nviUea }honib(ndea The 
tip of the pollen tube appears to bo somewhat swollen when inside the embryo- 
sac cjwity (Text-fig 20) It appears that the vegetative nucleus degenerates 
before the pollen tube enters the micropyle, as it was not observed in any 
preparation On the other hand a number of preparations showed the presence 
of two small nuclei, one preceding the other and lying very close to the tip of 
•the pollen tube Such nuclei wore also soon m the embryo-sac cavity dost' 
to the egg and the secondary nucleus Fiom these tacts, one is inclined to 
believe that those are the generative nuclei Actual fusion of the male and 
the female gametes, or the process of double fertilisation has not been 
observed 

The form of the generative nuclei in CariharMts appears to be spherical 
Spherical generative nuclei have also been observed by Mottier (13) and others 
woiking on the family Compositue Merrell (12) states that the male nuclei 
when first formed are approximately spherical, but in the later stages they 
become very much elongated and resolve into a spiral He further states 
that preparations showing the nuclei at the tip of the pollen tube indicate 
that the sex nuclei have assumed a spherical form 

(e) Endosperm and Embryo — After fertilisation the egg rests for some tune 
before it commences activity The definitive nucleus, however, divides very 
soon Though the first division of the definitive nucleus has not been ob- 
served, yet the presence of a few nuclei at the micropylar end of the embryo- 
sac and close to the fertilised egg undoubtedly indicates that it divides first 
The endosperm is of the nuclear type, and grows by mitotic division No 
irregularity in the different stages of division has been observed Although 
it has not been possible to count accurately the number of chromosomes in the 
endosperm nuclei, yet it can safely be stated that it is more than the 2n number 
of the plant With the increase in sizo of the embryo-sac cavity the endosperm 
cells divide rapidly and form a lining layer around the sac It later fills in 
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the embryo-sac cavity from the chalaza] am] nm ropylar ends At this stage 
wall formation of the endosperm tolls is noted first at tin* muropylai end 



Text-flg 20 CarthamiM hnrtnrtus Pollen tube with the generative nuclei. x800 

and gradually extends downwards The nuclei of the endosperm cells contain 
many mitleoli which, however, differ in size It is intcitwling to noto that 
the ogg after syngamy increases in size and bei omos considerably elongated 
It appears as if it was susjiended by two cytoplasmic strands from the mitro- 
pylar end of the embryo-sac (Text-fig 21) The first division is transverse, 
resulting in an apical and a basal coll, of which the former is considerably 
larger than the latter (Text-fig 22) As observed in many other species of 
the Compositee, the basal cell forms the greater part of the embryo, and the 
apical cell by division forms the suspensor and part of the embryo The 
apical cell later divides by a transverse wall and a three-telled pro-embryo is 
produced (Text-fig 23) The terminal cell of the pro-embryo next divides 
by an anticlinical wall, followed very soon by penclinical walls to form the 
quadrant stage of the embryo (Text-fig 24) At this stage the embryo be- 
comes globular in outline 

In the octant stage the four superior octants give rise to the cotyledons 
and the stem tip, while the four inferior octants give nse to the hypoootyl 
and the primary root The hypophysis cell, which becomes differentiated at 
an early stage of the development of the embryo, generally divides when the 
three histogenic layers are laid down, and contributes to the apex of the root 

The first division of the hypophysis coll in this plant is longitudinal as 
shown in Text-figs 26, 20 and 27 Its later divisions have not been traced 
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Text-fig 30 shows the development of the cotyledons The difierentiation 
of the stem tip has not been observed and it appears to dififerentiate very late 
The suspensor generally consists of four cells but in certain cases it was 
found to (onsist of 8 tells (Text -figs 28 and 29). 
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Toxt-6g 30 shows the cotyledon with the three histogenu* layers differ- 
entiatad 

Summary 

The paper gives an account of the ilevelopmenl of the flower, pollen 
grains, and the embryology of Carthamm t%nctor%va 

1 The development of the floral parts o<<uis in the following hucooh- 
Sion — petals, stamens, sepals and carpels Tlu* sttpals do not bee ome diffei - 
entiated but remain as minute angulat projwtions The opening of the florets 
takes place from the periphery inwards, and it takers from foiii to six days tor 
all the florets of the capitulum to open 

2 In the early stages of the development of the nuerospore mother cells 
the nucleus shows the presence of a niimlier of coiled threads which appear to 
be double The threads contract into a tight knot and on recovery fiom 
syiiizesis the double nature of the spireme is not seen Chromosome conjuga- 
tion 18 of the parasynaptic type There are twelve diplotene pairs which 
show the presence of terminal and interstitial chiasma The haploid number 
of chromosomes is 12 Tlie chromonematu stmoture of the chromosomes 
18 apparent at the interkmetio stage Aftei the IT division the murospores 
are enveloped in a mucilaginous pellicle and show a tetrahedral arrangement 

3 The tapetal cells of the anther develop into a plasmodium which fills 
the anther loculus completely when the young microspores are formed Some 
of the plasmodial substance appear to be incorporated on the spiny exino of 
the pollen grains which then becomes differentiated as blunt processes The 
microspores have three germ pores 

4, The development of the female gamotophyte is of the normal type 
The megaspore mother cell is hypcxlormal in ongin Two megaspore mother 
cells have been noted to occur side by side A linear tetrail ot megaspores is 
produced The ohalazal megaspore becomes functional and gives rise to an 
eight nucleate embryo-sac The mature ombryo-sac is of the normal angio- 
spermouB type The antipodals are bmiicleate The cells of the integument 
lining the micropyle grow out in the form of hairs and these are directed to- 
wards the egg apparatus 

6 Fertilisation is porogamous The synergids and the antipodals 
degenerate completely before the entrance of the pollen tube into the embryo- 
sac The secondary nucleus lies very close to the egg at the time of fertilisation 
The sperms appear as spherical nuclei 

6 The division of the endosperm nucleus occurs prior to that of the egg 
and the endosperm is of the nuclear typo The zygote divides first by a 
transverse wall The further development of the embryo appears to be that 
of a CapaeUa type The suspensor is composed of four to eight cells The 
three histogenio layers become differentiated in the embryo before it attains 
full development 



86 1 BANKRJI MORPHOI/)OY & OYTOLOOY OY CARTHAMUS TJNCTORIVS 


LlTKRATURa OITBD 

1 nhftrKa\a H R IBS'S C!ontnb»itu>ii b* tho morphology of Eelxpta erecta. Proc 

Ind Acofl Sci , 1. 125-336 

2 Dtihlgron, K V (1 1920 Zwr Embryologio dor Koinpomten mit beaorwierer 

BoruckflK Ittigimg tier Endonitormbildimg ZtxtMihr / Bot , 12, 481-616 

I l)oU W 1927 Boitmgc ziit Kcnntnio tior Dipnacoon imtl Dipaauoon abnlioboTi 

Pflanzoo Bot Arel^ Mez , 17, 107-146 

4 (latoa, R R and Nan<li, H K 1036 'Fho cytology of Tnaomjo Motntiona in a 

wil<l a}jo< i(*8 t f Oenol/iero Pint Trims Roy Soc B 524 227- 268 

6 (latoH, R R and Rim^h, E M 1021 A contribution to tho study of pollen doM'lop* 

inont in LaelHW Arm Bot , 35, 365- lOR 

<1 tlrcgory, P .T 1936 Cliinmoaomo niimbor m Saffiowor Curt Set , 4, 412 

7 (Jrogory, P .1 1915 Cyt<ilogioal Biudion m Safflower /'me /»a/ Acad Set 

B 1,763-776 

8 Gregory, P .1 1916 Tho floral morphologj and cytology of mrdojnoni aw 

Pror Lmn Soc , 50, 363- 187 

0 Howard, A Howard O I C and Khan, A R 1016 Stiwhos in Tnchan Gil 

needs Mem Dept Agn Ittdta (Bot aor ), 7, 237-255 

10 Juol, H O 1915 Untorauc hiingen nbor dio AuOoRung der Tapi tonrellon in don 
Pollonanckon dor Aagios(iorinon Jatirh f touts Bo' , 56, 337 164 

II Martin, G W 1802 Dev clopim nt of flower and f tnbryo soc m Aster iu\d SoMago 

Bot Gck.17 353-367 406-411 

12 Alorrell W 1) 190(> A contribution to the life hmtory of Siiplivim Bot Gm 

29. 00-131 

13 Mottior, D M 1893 On the embryo soc and embryo of Stticeto aureus Bot 

Gas, 18 245-263 

14 Opporman, M 1(M>4 A i ontnbiition to the life history <f Aster Bot Oaz , 37 

363-362 

15 Patel J S and Nnrayann (} V lor> Chromi>some NiimlierH in Safflower 

Curr Set , 4, 412 

16 Schnarf, K 1011 Vorgloichonde Embryologio der Angiosiiormnn Berlin 

17 Schurhoff, P N 1026 Die Zytolugio dor HlutenpHanzon 

18 Small ,r S 1019 The origin and development of the GomposittB New Phifto 

loqtst reprint No 11 

19 Toikholm G 1016 Zur AntipiMlontnii kluiig del Compositengattungmi tWan/iuw 

imd Cosmos Srvensk hot Tulskr , 10, 421-437 

20 Tis( liter, G 101 "i Die PonplaainiNhumbildung m den Antheren der ('oinmehnacocn 

uiid Aiisbliike das Verhalten dci Tafs tc nzellen liei dm Obrigen Monokotylcn 
,/iilirh f ti’tss Bot , 55 62- Oo 




Explanation or Platk I 
Oarlhamua tmotortut Limi 

Kik 1 A Hpomgenous cell Hhowing the formation oi reticulum 

Fig 2 Early prophaae The thronioneinatio atruotuie of the cIiioiiiuhoiuoh Men 

Figi 3 and 4 Ntagea in synizeMH 

h ig 6 Keuovery of the nuolous Irutn Hynapeie 

Fig 6 Pauhynema 

Fig 7 Early diakiue^iia The pruHenue of ohiasma evident in the bi valoiits 

Fig 8 DiakinenH 

Fig 0 Heterotypic inetaphaae 

Fig 10 Interkinesis The ohrutnutiuiiiee cuiuiecteil by uiiaetuiuouett 
Fig 1 1 Homotypio diviaion 

Fig 18. Pollen tetrad enolowd by H imiPilagmoua muinbrana Tetrahedral arrangement 
Fig 13 Polar view of an equatonal plate (let Div ), 12 chromoeomee eoen 
Fig 14 A mioroepore not fully developed 

All dguree were drawn with the aid of a camera lucida at a uiagmfiuatioib x 1000. 





ON THE PHOTO-IONIZATION OF MOLECULES. 

By B. D Nao-Chowshubi, MSe,laU Research Scholar, Allahabad TJnwersdy 
and K Bastj, DSc, Calcutta University 

(Communicated by Peof M N Saha, D So , P R S ) 

{Read January 2, 1940 ) 

1. Intboduotion 

The subject of photo-ionization of molecules has hitherto received scant 
attention both from experimenters and theoretical physicists The importance 
of the subject was first pointed out by Prof M N Saha (1936), who suggested 
that the electrons in the ionosphere may, m part, be duo to the ionization of 
Nj to N 2 '^ and O 2 to 02 "**, each in two different ways The present attempt 
dealing theoretically with the photo-ionization of H 2 to H 2 ''’ was made at the 
suggestion of Prof Saha, as it was felt that the cases of N 2 and O 2 are rather too 
complex and a start might be made with the H 2 -molooule in this direction, 
on account of simplicity of structure of the latter 

We have not been able to trace any previous theoretical attempt on this 
problem Begardmg the experimental work, the following report in Die 
Physik by Joos and Fmkelnburg (1936) and Prof Saha's remarks on the 
same may prove mterestmg * 

* Ionization contimia of molecules have not been demonstrated so far, 
and the only attempt hitherto known to explam absorption contmua of a 
polyatomic molecule was by Henning {Ann der Physik , 13, 699, 1644) and the 
ionization spectrum is not at all convincmg. Since the ionization contmua 
must naturally be possible also in the case of molecules, it remams to be mvesti* 
gated why p^to-ionization of molecules is apparently such an improbable 
process The scheme of molecular potential curves of which we shall speak 
later (Section on molecular contmuum), and the Frank-Condon Principle 
which controls transitions between molecular states appear to offer a possibility 
for its explanation. In the term-scheme, it is usually found that the oonti- 
nuous eigen-spectrum oorrespondmg to ionization are usually superposed 
on the continuous eigen- value region of different excited states whioh lead to 
dissociation. According to Frank-Condon Principle, the transitions from the 
ground state are very probable, and if we consider the part of the transition- 
probabUity due to tlm electron it is apparently more probable than transitions 
to the oontinuous eigen-value spectrum eonesponding to ionization. The 
following observations seem to hold generally^- 

The ionization of a molecule by light-quanta appear to be less probable 
than dissociation of the moleoule by absorption of the’saine lii^t-quanta into 
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a normal and an excited atom with a certain amount of kinetic energy In this 
way, we can understand why extended intensive dissociation contmua of 
molecules have been obtained, while molecular photo-ionization has not been 
shown * 

With respect to the above remarks Dr Saha has been kmd enough to 
communicate to us the following — 

'While agreeing mostly with those remaiks, it may be pointed out that 
Joos and Finkelnburg have probably omitted to mention one significant 
cause of the absence of any experimental proof of molecular photo-iomzation 
In the case of most of the ordinary gases, this lies m a region whoro absorption 
experiments are extremely difficult, and have not therefore been properly 
earned out For example, for H2 it begins at A 840, for O2 at A 1019 (feeble) 
and at A 747 (strong), for N2 at A 794 (feeble) and at A 660 (strong) The 
same remark may bo mode with respect to other gases The other cause 
mentioned by Joos and Finkelnburg is of course effective, but the proportion 
of photons which cause dissociation may be widely different for different gases 
and needs mvestigation ’ 

Let us see how previous workers are correct in their assumptions on the 
variation of photo-iomzation with frequency Let us denote the absorption 
coefficient by t(i») and the frequency by v Pamiekoek (1920) and Chapman 
(1931) assumed that the T(i/)/»»-curve for molecular photo-iomzation is of the 
same nature as the atonuc photo-ionization curve, le r(v) begins with a 
maximum value at the threshold value of v =3 vq, Iivq =aeVi where Vi es the 
ionization potential, but diminishes with increasing >' as 1/v* roughly It is 
evident that this assumption is moorroct for molecular photo-iomzation, for, 
the case of molecules is compheatod by the fact that the nuclear distance 
changes m course of ionization We illustrate by takmg the case of the 
Hg-molecule The process of ionization of Hg may bo illustrated symboUcally 
as 

l«o lsa->l«a np (<rp) 
or Isa lsa-*-lsa nsa 

te one electron goes to infinity by having its 2-quantum changmg firom 
0(ls) to l(mp) and the total quantum number n-t^ao But the nuclear distance 
m normal Hg is 0 749 X 10“* ems while m normal Hg"*" it is 1*070 X 10"® cms. 
According to the Frank-Condon Prmoiple, dunng an electron-transition, the 
nuclear distance remains unchanged, when applied to the present case, this 
means that Hg'*' •ion will be left m a vibrational state, with a large value of F, 
the vibrational quantum number Hence the strongest transition will be from 
F'«" 0 to F' *■ some integral number, but the transition F' «■ 0 to F' *• 0 
IB expected to be rather feeble, as the nuclear distance in Hg*** for F' ■■ 0, 
its., the 1*070X10"® cm is very different from the nuclear distance in Hg, 
las , 0*709x 10*® cm Hence, the lowest frequency v a vo+ioto' (•'o being the 
eleotromo transition frequency, cuq' « normal frequency of nuclear vibration of 
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Hg"^) Will be rather very feebly absorbed The strongest absorption will tedce 
place at the frequency v =* vq+C V'+i) «>o' where V' is the particular quantum 
number for that vibration of when the least distance between the nuclei 
of Hj"*" 18 0*709 X 10-8 cm 

The mvestigations which are reported below have confirmed these 
expectations 

2. Caloulation of Photo-ionization 

Let Iqh be the mtensity of a beam of light of frequency y imtially, and 
Ijv the mtensity after the beam has passed through a length I cms of a gas at 
N.T P Then wo have 

I/- = Iflv oxp (-(x,l) « exp (t(v)N1) . (1) 

where t(v) is al^orption per molecule, N the number of molecules per c c. 
Then the absorption coefficient t(v) as given by Bothe (1033) is given by 

= . . .. ( 2 ) 

where | Mi** | denotes the transition probability from a state fc to ib' associated 
with the absorption of a photon Ay, and dE. the range in energy In the present 
case, we should remember that the transition is from a ‘ bound ’ state of the 
electron in the hydrogen molecule to a *ireo’ state of the electron m the 
ionized hydrogen molecule The matrix component m Eq (2) is defined 
by the equation 

= (S) 

where tfi^ is the wave function of the imtial state (of the Ht molecule), that 
of the final state (of the molecule with the ' free ’ electron m a continuous 
energy state), [M] is the eleotnc moment (a function of all the co-ordmates 
mvolved), and the integration extends throughout the entire space whose 
element is dQ 

The assumption we have to make m our case is, as proposed by Bom 
and Oppenheuner (1927) and followed by Hutchisson (1930), that the eigen- 
functions 0 j^(H 2 ), : e) are products of electronic, vibrational and rota- 
tional eigen-funotions, further, let us assume that the functions and 

: e) are normalized, and the nuclear distance is regarded as a constant 
parameter while the mtegration is carried out over the riectronic oo-ordinates. 

We proceed according to Condon (1928) and Hutchisson (1930), and split 
up the eleotnc moment [M] mto sum of two moments, t.e. [M] m M«(r)+ 
110 ( 9 ) where M«(f) is the eleotnc moment associated with the electronic 
transition and M^^g) that associated with the vibrational transition corres- 
ponding to a change m the intemuolear distance q. Next, let ns split up the 
eigen-funotions ^(H,) and e) mto ^i(s)^i(v)^i(m) and ^ 2 («)^(v)^(m), 

where e, v, m respectively stand for eleotromo, vibrational and rotational 
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motiODS The suffixes 1 and 2 in the eigen-funotions refer respectively to the 
initial (Hg) and final (Hg’*' e) states Thus 0i(w) denotes the eigon-function 
for rotation only in the initial state, and same in the final state 

Similar interpretations are imphed for the functions 0 i(ij), and 0i(e), ^g(e) 
One must guard against the confusion that 0i(v), are the same 

functions of m, v, e anymore than ^i{v), ifif^ie) are the same functions of 

m, V, e respectively To avoid cumbersome notations with regard to the 
above functions, we have used those simplifications, whose import is quite 
evident 

Sphtting up the eigen -functions of ^(Hj) and e) into 0i(e)0i(w)^i(in) 

and 0 g(e)^g(v) 02 (m) respectively, we get 

IMt^l “ JJj0i(«)^i(v)lAi(«»)[M]08(e)02(»)^^r2(w)dO 

=» |0i(w)^2(»»W J j0i(c)^i(«)[M.(»‘)+M„(g)]02(fi)08(v)df?edOe (4) 

where J dQg,j .diig denote integration with respect to electron co-ordinates 
and nuclear co-ordmates respectively The above can bo further spht up into 
prmcipal parts Thus 

+J^i('’)W'')'Ja.JW«)M,(r)We)dfl.] (S) 

The Hg+ 'ion together with the electron in the continuous energy state can be 
regarded as an excited state of the normal Hg-moleculo This means that 
^i{e) and 02 (e) are orthogonal to each other, and consequently the contribution 
of the first part to | | is nil The contribution due to the second 

part cannot be zero, in general, as the vibrational states do not refer to 
the same molecule, % e J0i(t>)0g(e)<ifl»?tO The transition probability thus 
reduces to 

I M,r I - («) 

The first factor of | Mm' j tax , J0i(m}08(*»)<^ mvolvos the rotational 
states, and, at any rate, contributes a constant which may be taken to be 
umty, whatever be the nature of transitions (vide Condon, Pkys Bev , 
Vol 32, p 868, 1928, hne 9) , we may leave this part out of account for our 
future treatment. The second factor, taz , J0i(t>)02(v)d^^, concerns nuclear 
oscillation This is taken up subsequently. We consider now the third 
factor, m , J0i(s)M,(r)02(e)d£l. Here 0x(e) denotes the lowest state of the Hg- 
molecule which can be regarded as being made up of two H>atomB m the Is 
states. We have therefore 

where «(al)i« is the normalized \rave>funotion of the H-atom with electron 
(1) in the l«-state with respect to nucleus (a). Similarly for the other «*s. 
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In Hartree units we have (vide Bethe, Handbuch der Physik, 24, p 284, 
Eq (3. 18), 1934) : 

tt(al)i, 2 exp (-r„i) , tt(a2)i, = 2 exp (-r^) ,) 
tt(61)i, » 2 exp (-ra) , u{]b2)u = 2 exp {-tbi ) , f 
and 

S« 1 JJu(al)„ »(61)i, u(a2),. «(62),, dQi iO, 

= [J«(al)„»(M)i.]’. («) 

The integral S was originally introduced by Suguira (1027) and has the value 
{l+q+q’^JS) exp(— g) in Hartree units, q = nuclear distance in the same units 
As 18 well known 0i(e), as expressed by (7), is only an approximate form and 
represents tho zorooth order of approximation 

As regards 02(«)i the wave function of and the free electron, we can 
follow the method of Heitler and London (1927), by replacing one of the eigen- 
functions by a continuous eigon-function denoting ooS-state Further improve- 
ments on the Heitler-London model of have been worked out by Wang 
(192&), Hylleraas (1931) and others, but for the present we stick to the HL- 
modol 

Let «(ol)« represent tho normalized wave function for the contmuous 
state of the H-atom, the electron 1 being in a continuous positive energy state 
with respect to tho nucleus ‘a’ and let *cs’ denote that the electron is in the 
continuous energy state with 1 = 0 The energy of the free electron may be 
anything from 0 to » Similarly, the continuous state may be a p- or a d- 
state represented by u(al)ep or u{al)ca and so on Followmg Kemble and 
Zener (1929), wo may consider the wave-functions of the excited states of H*’*'- 
moleoule as built up of an excited H-atom and a normal H-atom, the electron 
in tho excited H-atPm being m the cos or cop states The oop state agam gives 3 
^-functions accordmg as the m-quantum number is 1 , 0 , or —1 Thus there 
will be four ^-functions representing the H 2 '*’-molecule which consist of the 
first electron in the Is-state with respect to the nucleus ‘a’, and the second 
electron in cos or oop ( 1 , 0 , — 1 ) state with regard to nucleus ‘ 6 * If we exchange 
nuclei, or electrons, or both, we get three more sets of wave-functions Each 
set consists of 4 wave-functions denoting the oos and oop (1, 0, —1) states. 
These are Kemble and Zener’s 16 wave-functions Exactly similar expressions 
may be obtained for the electrons m the continuous state, which may be ood 
or 00/ states, etc , giving an mfimte number of wave-functions 

At the outset, however, we shall confine our attention, for the sake of 
simplicity of treatment, to the simplMt transition, viz , from Is* to (Isoos) 
state This gives us only the iJEi,- 8 tate, but other iJ?-state 8 with the same 
energy-value will arise, from combination Isoopa, Isooda, but these Ate not 
considered here. We obtain, in that case, four wave-functions by interchange 
of nudear and eleotronic co-ordinates. These are 
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^(1) - u(al)i, «(62)„ ; ^(2) = u{a2)u t/(61)« 
1^(3)-it(a2)«tt(M)i.; ^(4) - tt(al)„ tt(52)i,;3 ’ ^ 

where 

«(<*!)« « 7==^E== • — X 

Vl—exp (— 2jm) 2kr^i 

i 4 ff+J)-*"'-* exp ■ (U) 

and the contour is taken along a path enclosing the two branch-points at 
f “ ±1 I*'or the above expression seo Bothe, loe ctt ,p 293, formula (4 22) 
In this latter formula put 1 = 0 and we get to the result (11) This method 
of writing out the oigen-function of and e) is of course approximate, as 
in the onginal treatment of H 2 by Heitler and London, but further improve- 
ments may be taken up later on 

We observe that 0(3) is obtained from 0(1), by interchange of ‘a* and 
‘5’, 0(4) from 0(2), by interchange of ‘a’ and ‘6’, 0(2) from 0(1), by 
interchange of 1 and 2, 0(4) from 0(3), by interchange of 1 and 2 

Using the symbols S®, A®, S^, to denote symmetry m the wave- 
functions for an mterchango of electronic and nuclear co-ordinates, or anti- 
symmetry for the same, we form the wave-functions of the H-ion, as a Imear 
combination of 0(1), 0(2), 0(3), 0(4) and indicate its symmetry or anti- 
symmetry in the electrons or nuclei Thus 

■h - C,[0(l)-^(2)+#(3)-W)] i (A®S*) / ■ ■ 

* = ojim-m-m+m] . (aV) J 

For normalization we notice that we should have 

j<f,T*da » j0*«<lfl « J08>(il? = |0**(il2 « 1 . . 

Let us define the foUowmg integrals. 

A - j0(l)0(2)cW - Jtt(al)i,tt(61)«(WiJtt(a2)i,tt(62)^2 » X*; 

B - J0(1)0(3)<W - J«(al)i.u(61)i^i J u(a2)„f*(62)^, - SY ; 

C - J0(l)0(4)(ifi - Jt*(al)i.ii(al)«<M?i /u(62)i.tt(62)«d£l, = 0 ; 

D - J0(2)0(3)(W - jii{bl)uU{bl)cMiijv{(*2)iMa2)^i - 0 ; 

B - J0(2)0(4)ilfi - /tt(ol)«tt(61)«(«?i J«(a2)i.«(62)i/«}* <« SY; 

P . J0(8)0(4)(W -r/tt(61)i.tt(al),^ijtt(62)i,tt(a2)e^. . X*. , 


(12) 

(13) 

(W) 



ON THE FHOTO-IONIZATIOir OF MOLECULES. 


We notice that F is obtained from A by mterchange of nuclei, E from B by 
interchange of electrons, and C from D by interchange of both nuclei and elec- 
trons Further, we have A = F xa X* where X is the integral 
Similarly, we have B * E = SY where S = and is the 

‘ Suguira Integral ', alre^ady referred to The mtegral Y b= 

IS entirely of a new type We observe, further, that mtegrals C and D are 
each equal to zero, from conditions of orthogonality We therefore have 


Jj0(l)^(2)di3idO2 = X*,| 

Jj0(l)0(3)dflid/32 = Jj0(2)^(4)c«3idfi2 = SY. j 


(16) 


Now the conditions deduced give us for the normalizing factors 


^ ^ ^ 

^ 2V1+X8+SY ’ * 2\/l+X*-SY 

^ 1 ^ 1 
• 2V1-XHSY’ * 2\/l-S*-SY 


3 Calculation of Elboteonic Transition Probability 

We have already stated that the nuclear distance is to be regarded as 
constant during electronic transition, but due to the vibrational transitions 
which accompany the electronic transitions this distance may change con- 
siderably The electric moment corresponding to eleotromo transition is 
given by 

eGai+rii+r^+rw) 

where r^i etc denote vectors and the summation is vectorial Choosing the 
component of the electric moment along the internuclear axis, ».e., our 
z-azis, we have 

M,(z) » e{r^ oos cos cos 9*+rw cos ^ 2 ) (18) 

where $ 1 , 0^, angles shown in Fig 1 We need not calculate 



Fio 1. 

the M (x-^ty) terms since they vanish due to the ^-purt of the integral. The 
component perpendicular to the nuclear axis » where pi, 

are the distanoes of electrons 1 and 2 from the mtemadear axis, and ^2 
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the angles between the planes (1 a b), (2 a h) and a fixed plane m space 
passing through the intemuolear axis 

•. M,(a:+ty) J[(0i'+02') [pie‘^*+p8«‘^*](0(l)+^(2)+0(3)+0(4))]t«} 

for the transition ^(H2) (S^ e) (S® S^) [Cf Eqns 21-24 

below] 

Since pi, pt are expressible m terms of g, r,!, rn, etc from elementary 
trigonometry and the 0*8 are functions of r„i, r*!, etc only, the above can be 
spht up into sum of two integrals M,i(a;+ty) and M,* (a:+ty) contaimng 
as factors respectively in the mtegrands Smce the limits of 
those ^’s are 0 and 2ir for either of the electron-spaces, both and M,* 
vanish on account of this zero factor Now we have 


f«i cos Bi+rti cos <f>i = (r„i*->6i®)/? = *1 ) 
fai cos di-i-Tbi cos <t>i = « *2 j 

(1‘)) 

So we derive 


M.(z) a M.(2 i)+M,(Z 2) 

(20) 

where 





We have further 

0(H2) = C(0i'+0a ) or 

.. (21) 

where 


.. (22) 

and 

^/2+^’ V2-2S» ’ 

.. (23) 


We now try to find out the M,(*)-value for the transition* 

0(H,)(8’'s’* W(H,* . eXs'S*) 

We have 

M,W - Y 

X{*(1)+|M2)+|M8)+«4))J40 . (24) 

In order to evaluate this integral, we have to deal with 32 terms. Let 
ns first consider the product of the which are eight in number. These are 
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A' « = tt(al)i.«(al)i,tt(52)i.ft(52)„ ; \ 

B' s= 0i'0(2) = «(ol)i,«(51)c,tt(o2)i,u(62)i, , 

(y B ^iV(3) = tt(al)i,«t(61)i,«(52)i,tt{a2)« ; 

D' =» 0i'^(4) = tt(al)i.tt(ol)„tt(a2)i,«(62)i, , 

E' = hm = u(al)i.ii{61)i,tt(a2)i.tt{62)« , [ ^ ^ 

P' » 0jV( 2) = M(61)i,«(61)„tt{a2)i,tt(a2)i, , 

G' = M{Z) e= M(6l)i,tt(6l)i,tt(a2)i.tt(o2)„ , 

H' s= 0a'^^t(4) = tt(6l)i,tt(al)„tt(o2)i,tt(62)i. 

We observe the following symmetry relations amongst their products By 
interchange of the nuclei ‘o’ and ‘6’, wo pass from A to G, B to H, C to E and 
D to F By mterohango of electrons 1 and 2 we pass from A to F, B to E, 
C to H, and D to Q 

It 18 found after some work (Note 1, p 103) that the integrals contained 
m (24) either vanish, or all reduce to a smgle integral, tnz , 

I « Sjtt(al),.«(61)«(r„i*-r4i2)(if?i (26) 

One oan evaluate this mtegral by the use of elliptic co-ordinates It 
has been shown (m Note 1) that 
I » oonstantx 


» 1 


M-I ' ' 


where m - 

, »' = ib"^ = V vol(v—vo) and 


constant =; 


V2 n’g*S 

107T ‘y/i— exp (— 2im') 


(27) 


The transitions which give values different from zero oan easily be seen 
from the following grouping — 


Ha 

S 

8 

s 

8 

A 

A 

A 

A 

Ha"^ e 

SEAN 

SESN 

AESN 

AEAN 

SEAN 

SESN 

AESN 

AEAN 

Tran Prob 


0 

0 

0 

0 

0 

-41 

0 


In the above, 8 against denotes or A®A^, and A against Hj denotes 
8®A^ or A®S*^ So that the only transitions which are non-zero are 


8 or 1 

[SNSE 

[ANAE 

of Ha 

— 

SEAN 

ofHa+ 

Aopj 

[AESN 

ISEAN 

of Ha 

— ► 

SNAE 

ofH,+ 
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That 18 to say, transitions ooour to antisymmetno states of "EL^* only. The 
transition-probability is now given by 

MJ*.(z)»4CC8eI/yor4C'C,eI/g .. .. (28) 

where I is given in (27) 

So that the complete expression for M*^.(?) is 

"8VI±^ Vl±X»=FSy Vl~e3ip (-2^ ■ J 

exp (- i /ig(l-2tJfcO) . A/t(A-l-/i)(f+i)-*" . . (29) 
We have next to find out the values of X, Y and J, given by 

X- , Y . Ju(al)„«(M),. iO, ; 

where the value of F{i) has been given ante 

The solution of X is given m Note 2(a), p 105, and that of J, in Note 2(6), 
p 107 As regards Y we observe that if we replace u{b, 1 )„ by u(a, 1)„ then the 
integral reduces to Jttt(«l)c»]* dOi This integration cannot be carried out 
rigorously, for the exact ^-function must be replaced by the asymptotic wave- 
function (vide Bethe, Handbuch d&r Phye%k, Vol 24) for the oontmuous state 
which holds for largo distance from the nucleus This simplified function is 
then normalized for a small finite range of energy The asymptotic wave- 
function holds for distances where 1/r* can be neglected m comparison with 
1/r (t e Ijr^ljr*) At such distances one can notice that r^i and r^i will be 
almost identical, for then q is very small compared to either of them. Hence 
we may replace r^i for r^i m the wave-function Thus the mtegral 

Y- Jtt(al)«it(61)e^i?i .. (30) 

can be given the asymptotic form arj«(al)e,v(al)«/20x. 

Since tt(a, !)«« is already the normalized eigen-iunction the integral Y 
has the value unity We have thus 

My*) - 2CC, ek{2J)lq or 2(^0. eifc(2J)/g 

^ 1 «/>S n-J 

Vl±S* Vl±X*¥B 32*r y'l-exp (-2im') 

The evaluation of the mtegral J has been given in Note 2(6) ; so we quote here 
its value 

.. ( 32 ) 
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where Gi(g) ■■ 8(l/g*+6/j*) oosh g--24(l/g«4-8/g») ginh g, 

Gsto) =* ~32(l/g* ooshg+l/g6 sinh g). 

The complete expression for the eleotromc transition probabihtj is given 
below: 




eSexp(— 2n*oot“^n*) 


where 


Vi±s* —exp (— 2»m') 

I («+i) “*'■ ('+?) “■* «} 

, eSexp (-2n^oot-^n0 i. 

WiS*) (1±X«TS) (1-Dxp 

-3^1 + |,^8mh}|+ |-^<»8h«+ j,8inh?|J (33) 


t(v) 


S « (l+2g+gg/ 3) exp (-g), 

X M — ^ ( cosh g — - sxnh g^ 

1+71^^ 1— exp(— 2 itw) \ 9 / 

Hence, for eleotromc transition, t(v) is given by 

%v/*¥ I 


r*' 

8»r*i«*S* exp {—4n' 




where 


c[(l±S*)(l±X*TS) (1-exp 

r Gii(g) -* (g+ 6 /g) cosh g--3(l+2/g*) smh g, 

] GjsCg) - “4 oo8hg/g+4 suihg/g*, Gi 2 (g)«Gii(g)G 8 *(g). 

( - n'»l{l+n^) , n' - V»'o/(''“''o) 

or 

tM » 8i>«i>e«fflexp(-4w*oot-in0 J 20Ss(^A*\ 

c[(l±S«)(l±X*T8)(l-exp-2wnO]i® W vJ 3 


(34) 


(34*1) 


for g ■■ 1*418, cosh g « 2*17 and smh g a 1*92. 

We can now compare the value of t(v) for the electron-transition 
Is* ->■ Isos with that for the H-atom Is -> oop For the last, we have according 
to Bethe (1936) : 

wi 2* ge* vq* exp (— 4w" cot~* n*) 

"" 8 fwo r* 1— exp (— 2wn') ’ 


. ( 36 ) 
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For the threshold frequency, we have v««vo and 

To « 5 ~ - 1-26X 10-17 cm*. 

3 me vq 

For the electronic part of the molecular transition, we have, according 
to (34'1) 

.. (36, 

Here we have wntten t(w) m usual C G S units in place of Hartree units 
in which r{y) in (34) has been expressed For this it has been necessary to 
multiply (34 1) by 2a*/e*, where ‘a* is the Bohr-radius, ‘2’ representing the 
number of electrons capable of making the transition By ‘Q’ we denote 
the complicated expression — 

S* exp {-‘in' oot“i n') 

(1±S*) (1±X*TS) 1-exp (~2ffn') * 

Now it can be shown after some work that the above expression reduces 

where i*! »■ Eydberg frequency ea 2ir*e*m/A» 

This expression may bo contrasted with (36) Let us compare their 
threshold values At v ss we have for the ionization of H 2 to 

(f+x.z §)| (38) 

Now we have 

(Gii+G,8)* = (-1-624)*- 2-26, 

S*/(H-S»)(1+X*-S) - 1 233, 
vq/vj - 124569/109766 - 1-136. 

From these figures, we obtain for ionization of Hi 

1 —fit*— 4 

To - €-* [1 136x1 233 x 2 326] - (3 262) (38 1) 

vtc vi fne^^ 

We have, therefore, to for the process Hj -► H ^ to for H -► H+ — 3 262 
2*/3 — 3-8 X 10“*, * e , the molecular process is nearly 26 times weaker 

This IS as is otherwise expected, for the process la* laooa should neces- 
sarily be rather feeble The main process would be from la* laoop The 
value of t(v) for this process is very difficult to calculate, but it is being carried 
out, with no definite result to report at present Of course, this value of 
r(v) for molecular ionization would be frirther reduced on account of tho 
value of Mm' (vide %nfra),* 
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4 TBANSmON-PaOBABIUTY DUB TO ViBEATION 
Let US now oaloulate the vibrational part of | M;u' \,vtz, 

Here , qi) refers to the vibrational state of the H J -molecule, F' 

being the quantum number of the particular vibrational state to which H ^ 
18 raised by absorption of light We write ^i(F' , qi) for ion, qi being 
the nuclear distance Similarly, , q^) refers to the Hg-moleoulo Now 
we have (vide Pauhng and Wilson's ‘ Quantum Mechanics 1935, p 107) 

l^i(r.ji) = N^eip(-Aj,«/2)H„.(\/A«i) . (39) 

where qi =» q—qo', whore q is the separation between the component nuclei, 
go' = normal distance between the nuclei in H^, )3i = fi being the 

reduced mass (= M/2, M is the mass of the H-atom), ioq* is the fundamerUal 
vibrational frequency of H ^ Further, 

•• • («) 

In a similar way, it can be shown that 

*s(F'.},) = N,.«xp(-Ag!V 2 ) H^(-v/Aj.) ( 41 ) 

where ca ^yuoQjh, gj = q—qa', ffo' = separation between nuclei in Hj, 
and N y has a value similar to (40) We then have 

= ( 42 ) 

The evaluation of integrals of type (42) has been earned out by 
Hutchisson (1930), but bis expressions have boon given m too much condensed 
form for any numenoal calculation We therefore work out the mtegral 
(42) m detail 

Let us put wq'Iwq m a*. 

Further, as we have observed, since gg = q—qo'f gi «= q—qo't where g is the 
r unning co-ordinate representing the distance between the nuclei, and go', 
qo are the nuclear distances for Hg and H^, we have 

ft * ft+ft'-'ft* 

and V^s V^(ft+ft'“ft'') “ flo?+8 

where 17 — Vflqi , 8 «■ V ft(ft'“"ft')- 

We have therefore for the mtegral (42) to denote here by the symbol I fry : 

I{-r- - [i,v>^t>^ :7 ;i7 n]*(^)Wv)*A-*{i}. . . (421) 

where 

{1} - J exp (-I1J*) exp (-J(ai7+8)*) Hr (17) Hr (ai7+8) <117. . . ( 43 ) 
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The ocourrenoe of jSj”* in (42 1) is due to the fact that dQv « dq, and 
dq « 

After a little work, we obtain 

Iy.y. - yf/y, ly, I ’J {1} • (44) 

The integral {1} has been worked out by Hutohisson, and it is useless to repeat 
the results We are oonoerned only with the case where F* = 0 It can be 
shown after some work that 

(«-l) 

and the ratios Iro/Ioo are shown in the following table 


Tablb T 


v 

r 

I VO Iho 

0 

1 


0 

2 

-1 

! 

1 

0 

3 

Jl (i,+Wi) 

0 

4 


0 

5 

{di+b^s+b^di) 




0 

n j 



where 



y being even-numbered, and x any integral, even or odd 


We have now 


Nwnerkal CakulatUm. 

to* 1.0 740 lU., go' - 1070 A.U , 
oiq' — 4276 om-i, ono' 2236 cm"i. 
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Hence a =» (ttfo'KO* = 1 3812 

where Qq" are expressed m Angstrom, M with 0 =» 16, oi©' m cm-i. 

We easily verify that, for the present ease, 8 = 2 56 With the aid of these 
values, we can calculate d„ and 6, and then calculate the numencal value of 
IvM, for integral values of V These are shown m Tables (II) and (III) 

We have further loo = 1 7662 x 10“^ 


Table II 


&0 = 1 00000 

do= 100000 

dg = -0 68172 

62 = -0 31210 

di = -2 41300 

de *= 0 27416 

64 = 0 04873 

d 2= 2 91130 

d7 = -0 09460 

60 = -0 00606 

da = -2 34163 

dg => 0 02850 

60= 0 00039 

d* = 1 41260 

dg = -0 00764 


Table III. 


F' 

F' 



Im:;,!* 

0 

0 

10000 

17662x10'^ 

3 0807x10'“ 

0 

1 

-1 7113 

-3 0037 X 10"^ 

9 0222x10'“ 

0 

2 

1 8381 

3 2262x10"^ 

10 4084x10““ 

0 

3 

-1 3767 

-24146x10'^ 

6 8303x10'* 

0 

4 

0 6769 

1 1881x10'^ 

14116x10"* 

0 

5 

-0 1326 

-0 2326x10"^ 

0 0641 X 10'“ 

0 

6 

-0 1039 

-0 1824 xlO"^ 

0 0333x10“* 

0 

7 

01178 

0 2068X10'^ 

0 0428x10“* 

0 

8 

-0-0744 

-0 1306x10"^ 

0 0171x10“* 


6 COKOLUSIOK 

We can now get a quahtative idea regarding the nature of the complete 
absorption curve r{p)/v. Beferring back to (2), (6), (34*1) and (44), and 
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putting equal to unity, as can be easily verified, we have 

r* . 2^^ LMfCX, SjdWMlV,;. , 

^ 8^ U,)P*(X. S)4»WlVv.. 

where L(v), JP(X, S), F*(X, S), 0(v) are quantities defined m Tables IV to X 
given in the Appendix 

We observe from the tables (VII), (VIII), that F(X, S), F*{X, S) are 
slowly varying funotiona When v = vo> ^(X, S) » 1-2330 , when v =» 2vq, 
it 18 1 3160 But we have, m practice, to plot the t{v)Iv curve close to v =: vq; 
hence it is convenient to take this quantity as constant, say 1 25 Similarly, 
1— exp (— 2im') also vanes slowly for this region The mam vanation is in 
^(v) Wo observe that <P(v) becomes zero at a certain frequency near v = Svq, 
and after that slowly rises This is a somewhat unexpected result, but m 
actual practice we have not to go so far, because absorption will be mostly 
confined to the neighbourhood of v = vq 

Smoe V = v,+(F'+J)o)o*-"(V'+J)oJo', negloctmg rotation, and since 
F'e* 0,wo have vea 123669+ = vo+a»o^F'=123649+a)o'F' 
We get then vq « 123649, and the stretch from v = vq to v = 2»»j) oontams 
about 66 Wo' We shall see presently, smce the value of I jumps suddenly 
at each point v *= vo+wo^V', where F' = 1, 2, 3, , and after F' =» 3, 

the value of I vq drops suddenly, the possible zero value of <P(v) at v = 3vo 
roughly is far outside the region we are oontomplatmg The actual calcula- 
tions are shown in Table X, and finally in Table XI, and the form of the 
T{v)/v-curve is represented m Fig 2 
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We observe from this, that the absorption uurve behaves exactly in the 
way mentioned at the end of §1 The maximum value of t(i') is not reached 
at v = vq, but at V = VQ+2aiQ', whore it is about thiee times larger than the 
value at v = pq At each vibrational number there is a sudden jump, up 
before v = i'o+2wo and down after v = vq-^2(i)q It therefore appears that 
after v = i'c+Soiq', the continuous absorption, which laisos to the third 
vibrational level, and loaves the rest of the energy to the electron, is more 
probable than raising Bf to a higher vibrational level So this part of the 
curve 18 drawn up to some distance and is shown by dots 

As the actual absorption curve t{v)Iv loading to photo-dLssociation will 
correspond to the process la^-^laoop no attempt has boon made to obtain 
further conclusions, particularly as the exponmontal results are very meagre 
Lastly, we have great pleasure in in knowlodging our gratefulness to 
Prof M N Saha, F R S , for his inspiring guidance and the keen interest he 
has shown in the several stages of thus work 

Note 1 

To show that the various integrals contained in 
M(«) = J(0i'+^a')[(n,i2-f6i2)+(r„2*-r/.2*)] X 

either reduce to zero or to the form 

I « sj«(al)i, dSi, 

We take each of the products in (26) and multiply by the oloctno moment 
LM(zi)+M(z 2 )] and integrate ovei the co-ordinate spai^ ot the electrons 

Since A and G differ only m an mtorchango of nuclei, the integrals obtained 
from the product of the electric moment and A or O will bo either equal, or 
equal except for a change of sign, according as there is, or is not, a change m 
the nuclear symmetry during the transition A similar argument holds for 
an mterohange of electrons as between A and F, and D and G This shows 
that the expressions A, D, F and G when integrated after multiplication with 
the electric moment will have the same absolute value In an exactly similar 
manner it may be concluded that B, H, 0 and E will have the same absolute 
value It is presently shown that the integral JA[M]dG = 0 Hence the 
integrals obtained from D, F and G are also zero 

J A[M](iO - j0iV(l) [M(zi)+M(z2)]dfi 

« Jtt(62)i, tt(ft2)„ dQi Jtt(al)i, (f„i* -fii*) tt(al)i,dGi 

+ J«(62)u(r„8*-r62*)u(52)„i«3, 
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Remembering m(62)c, = 0, due to orthogonality, and using elliptic 

co-ordinates defined by 

^ - {»'«2+»'62)/9. = (»‘<i2-»'»2)/9. dQ m ^ qi{X* - fii)dX d/i d(f>, 

we got 

tt{62)i. exp 

V* 

and 


i^) 

The integral now assumes the form 

Const J oxp(-iAg(l+2ifcf)) exp (J/ig(l+2i*^) x 
f 1 -1 


A factor of the above integral is the following . — 

as 1 

J jA/i(A+f*) oxp(-JAg(l+2ti!f))exp(J/ig(l+2tfcf))dAd/i, 
1 -1 

whose value is 4/g*(l+2ijfcf)*, for this = A'B'+C'D', 
where 


A' -= J A* exp (-Aa)dA = «-«(l/o+2/o*+2/o») , (a = Jg(l+2»fcf)) 

1 

1 

B' » J /* exp {iM)diA « (««+c-'*)/a~{€‘»-f-“)/o* , 

OD 

C' as I A exp (— Aa)dA = €-»(l/a+l/o*) , 

1 

1 

D' SB J/i* exp {fia)dfi — (f«— 2[{«»+«-'»)/o— (e**— €“«)/a*]/(» 
-1 

Hence the integral reduces to a contour integral 


CoMtont X i ^ (f+J)-“'-*({-ir'-’(l+2aif)-»if, 


With a pole at ( b i/2fc The value of this as 0 (See Note 2(6) ) 

Thus integrals A, D, F and G all vanish 

We now take the integrals obtained from B, C, E and H One can show 
by multiplying out and evaluating that 


J B[M]dO - - 1 C[M](«3 - J E[M]diJ - - J H[M]dO 
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Taking first the integral with B we get. — 

J^i>(2)[M{*i)+M(z*)]dfl 

= J tt(al)i.w(61)„(ria*-r6i*)dlii J tt(a2)i,tt(62)i,d08+ 

J tt(ol)i,tt(61)„di3i J tt(o2)i.tt(62) u (r«2* -rta®) dQ^ 

Translorming 

Jtt(a2)i.(rrt* -r62*)«(62)i.dfl8 

into elhptio co-ordinates defined above, wo got it equivalent to 

2 ir Qj 1 

I; f f f exp (-k(A+/*)) exp (-ig(A-/i))dAd/id^ 


tt 1 

= ^ I jA/t (A*-/i*) exp i^qX) dXdfjL = ^ [A'B'-C'D'J - 0, 


A.' » J A» exp (-gA) dA = €’» {l/g+3/g*+6/g«+6/g<) , 

1 

1 

B' ■= J Itdn mm 0 ; 


C' = J A exp (-gA) dA - (1/g+l/g*) , 

1 

-1 

Now 

J u {a 2 )uu (62)„ dQt 

is our Suguira-integral S. 

Hence the integral containing B 

- S J tt (al)i, (rai*-rH*) « (61)e. dlAj - SI* « I 

From E we have similarly a value ■■ I; and from each of C and H the 
value —I. 

Note 2(a) 

X-Jtt(al)i,«(M)„diii 


To evaluate 
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Wo have (See Bethe, Handbuch dtr Physik, Bd 24, 1933, 1 o ) 


« (al)if - -7= exp (-rai), 
V " 








Transforming into elliptic co-ordinates the above eigen-funotions become 


tt (ol)i,« ^ exp (A+/t)^ , 


2 * ?( A — /*) 

The integral X now takes the form 




Jexp (- iA ?( l + 2 t*^))x 


^ 1 -1 

xexp (--|/ij(l —2ifcf)) (A+p)^’(f)dA dy, df 


Let us evaluate 


J' J J exp (-iA?(l+2a^)) exp (-l#»?(l-2ii!f)) (A+/*) TO dAdpdf 

OD 1 

CaU J' « J J exp (-oA) exp (-6p) (A+p) dA dp, 

1 -1 

where 

a - i «( H - 2 tJbf ), 5 - J 5 ( l - 2 ijfcf ) 

J' » (,6 -,-6) { I}/6+.- { III } /a , 

where 


{ 1 } - J Aexp (-oA) dA - c- (l/o+l/o*) , 

1 

{III} - J p exp (- 6 p) dp - (-.i/ 64 .i/ 6 t)-.- 6 (l/ 6 +l/ 6 «) 

-1 

Whence 

J' (1/0*6+ l/o6*) -€-(•+« (2/06+1/0*6+1/06*) 

« [8/g»(l+2a!f)*(l-2dfc^)+8/?»(l+2dfcf)(l-2i*f)*] 

- t - n 8 / g «{ l + 2 . fcf )( l - 2 iJfc {)+ 8 / 3 *( l + 2 iJfcfl »( l - 2 il : f ) 
+8/3«(l+2a!f)(l-2*ifcf)*]. 

Splittmg up into part^l fractions (see a list in the body of Note 2 ( 6 )) and 
renrranging we get 



ON THB PHOTO-IONIZATION OF MOLECTLBS 


107 


J' - F(()di+Aj(l+2tA()-» F(()d( 

i ( i 

(1-20^)-* F{€)d€+h>j (1-f 2iifcf)-i F(() exp (-2q^ln')d^ 
+A'_i^ {l-2ik^)-iFii) exp {--2qii/n')d€ 

+Aj' I (1-f 2tfcf)-2 F{^) exp (-2g.f/n') rff 
+A'_ 2 ^ (l-2.if)-2 F{0 exp (-2g-tf/»') df, 

where 


Ai »A_i = 

hi m h.i - -4r’/9® . 
hi' m h'.i = 4/ga , 

Aj' a A'_2 = 4/g» 

Quoting the values of the contour integrals (given in Note 2(6)) we derive 
after simplifications — 

J' = (cosh 9 / 5 *— sinh g/ 3 *) exp (— 2w' oot-^w'), 

^=- Xq^ ?- 8 inh qjq) exp (-- 2 »' cot“i n') 


N<rfe 2 ( 6 ) 

To evaluate 

oe 1 

J = ^j J exp (-iA?(l+2»fcf)) exp(-i/*9(l-2tAf)) AM(A+#i)x 

^ ^ xF(i)dXdnd(, 

where J’(f) « (f+l)-‘"'-Mf-i)‘”'“^ 

CaU Ji-J (A*/*+Wexp(-kA(l+ 2 ii^))‘^A-#tMI}+/*{n}, 

where { 1 } » J A exp (— oA) dA ■■ «“*(l/a+l/a*) , a * J?(l-f 2 tAf) 

1 

{II} - J A* exp (-oA) dA - «-{l/a+ 2 /a*+ 2 /a*). 
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Next, call J2 =» ®*P (““VW#* » ^ 

-1 

= |I}xlIV} + {II>x{llIh 

1 

where {III| = |/i exp {-bn)d(i = «*( -1/6+ 1/62) _,-i(i/6+i/62) , 

-1 

1 

{TV} = |/i* exp {^bti)d(i 

-i 

= «*(l/6-2/62+2/68)-«-''(l/6+2/62 + 2/68) 

.12= -.e-(“+*)[2/o6+3/a«6+3/fl62+4/a262 + 2/tt86+2/a68+2/a868+2/rt362-] 
+e-(«-i)[_l/rt26-l/«6*+2/fl68-2/a86+2/a268+2/a862] 

Since tt+6 = q, a—b = 2qik^, wo write the exproasion for J2 in full, thus 
Ja = -€-'/[8/g2(l+2iJfcf)(l-2Ji;f)+24/53(l+2ifcf)“(l-2ifcf) 

+ 24/ga(l+2tfcf)(l -2tjt|)2+64/g^(l + 2til;^)8(l ~2ijtf)8 
+32/g4(l +2,fc|)8(l -2iA-f)+32/g4(l+2tife^)(l-2ijtf)8 
+64/g6(l+2ijfc|)*(l-2tJfcDa+64/g6(l+2titf)*(l-2ifcf)8] 
+,-29.W[_8/^8(i+2,A!f)e(i -8/g8(l +2ijbf)(l -2iifef)8 

-32/g4(l+2tjfc|)8(l-2tJfef)+32/g4(l+2iJfcf)(l-2iJfef)8 
+ «4/g6( 1 + 2tfcf)2( I -2iife|)8+64/g6{l + 2tJkf )8(1 - 2ttf)8] 

Next we shall have to split up each term into partial fractions We write 
down below the results of splitting up, putting x *= 2ik$ for short — 

/o = l/(l+8*)(l~a;) ^ll(l+x)+il{l-x), 

A = l/(l+x)8(l-tc) =i/(l+x)8+J/(l+a:)+t/(l-a;) . 

/2“ l/(l+8:)(l-*)* = i/(l-8?)«+J/(l-^r)+J/(l+») , 

/8-l/(l+a;)»{l-x) -i/(l+x)»+J/(l+a;)*+|/(l+a^)+J/(l-x) , 

/4 - 1/(1 +x)(l -x)8 = i/(l -ar)8+ J/(1 -x)*+ 1/(1 -*) + J/(l +x) . 
/6-l/(l+x)8(l-»)8=J/(l+x)8+i/(l+x)*+^(l+r) + i/(l-a;)2+,y(l-x), 
/8 = l/(l+a:)*(l-x)8=J/(l-x)8+i/(l-*)*+V«B/(l-a:)+i/(l+x)«+,V/(l+ic). 
/7-l/(l+a:)8(l-x)a-i/(l+x)8+l/(l+a;)+}/(l-x)8+J/(l-x) 

Utilizing these equivalent expressions for /q, /i, in the expression 
for Jj \re‘can write it in full thus 

T - ^ ^ ^ ^ ^ 

* U* \(l+*)’^(l-a:)/'*'38\(l+i»)«‘^(l+x)'^(l-x)/ 

,1/ 12 , 6 , 6 \ 1 / 16 16 16 . 16 \ 
^g«\^(l-a:)*+(l-x) + (l+x);VV(l+*)* (1+*) (1-*)*'^(1-*)/ 

4.1 
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+}* \(i-»)>+(i-x)»+(T:r^+(ri^) ) 

1 1 / 16 , 16 12 8 12 \n 

V V(l+a^»‘^(l+*)2+(l+x)+a^®“^(n:^jJ 

+,-2?tA:f r_ i /__4 ^ 4. 2 \ 


1 / 4 2 2 

"gaV(l-a:)2+(TZ^+(T+x 


q*- \{l +a;)*‘^(l-fic)a'^(l+a:)+(l 


4 

/I 


.1 

9^ V(J-*)*^(1-. 


L_. A 


I -V , le , t2 8 ■ 12 \ 

9® \(1 -«)a'^(l-a;)*'^(l-a?)’^(l+j-)2'^(l-l-a;) j 

1/ 16 16 12 8 11. M 

"^9® V(l+«)«'*'(l+a:)a“*'(l+a;)+(l-a:)2‘*‘(l-a:)j J 
Rearranging above we get finally — 

Ja * r9i/(l+2tl;^)+^-a/{l-2«fcf)+jy2/(l+2.ife^)Hi7-2/(l~2iit^)* 

+93/(1 + 2ifcf)3.f.g,_3/(l -2iA;f)8]+oxp ( —2qiki) [gxf{ I + 2i*:^) +9'- ]/( 1 --2iifef) 
+927(1 +2t*:f)2+9'-2/(l “2t*f)H937(l +2tifcf)8+9'-8/(l “2iitf)8J , 
where 

91 a 9_i « >.«-?(4/a2+ 12/98-1-24/94-1-24/95) . 

92 ■ 9.2 » -€-«(12/98-1.24/94-t-24/95) , 

98 • 9-8 = -€-^(16/94-1-16/96) , 

9i' • 9-1'“ --4/9«-f 24/96 , 

9,' „_4/98_8/94-|-24/9», 

9'-2--4/98-|.8/94.|.24/9», 

98' = -16/94H- 16/96, 9'-3= I6/96+I6/96 
The integral J now sphts up into twelve contour integrals — 


(l-2t*f)3'‘'‘^' f 


“•■^8 / (l-l-2*l:f)*'^^'V (l-2tjfc^«'*‘^® ? (l+2iil^8 


l-2tX:f)8 ^‘^-8 7 (1-2*4^)* 

(f . rf mdj 

J {l+2tk€r^-^7 (l^2Jk€) 


:-l-2ii^8+» -8(l_2itf)8 


[£r(f) « exp (-29iifcf)F(f)l 
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Since (l+2ti:f) = (f— im') and (1 — ™ — we get two types 

of contour integrals in the complex ^-plane 

let type Branch points at f = ± Pole at f « +iin' 

2nd type Branch points at f J, Pole at f == —\in' 

In the following list of values for the above integrals, the final results have 
been obtained by using Cauchy’s theorem involving calculations of residues, 
v\z 


f{z) 


1 nmc 

2*17 (C-2)’ 



f{i)dC 


fm 


fm 



mdi 

(l+2t*f) “ 

^■nn' . „ , , , ,, 


{Tf^«) ®*P (2» cot-1 »') , 

mdi 

(l+2tifcf)* “ 

0, 

T* 

II 

l«»rn'3 .a , X , 

nm 

/ O » X 1 » 

^y^p^^jexp(-2n'cot-i7i’). 


477n'«(ll»'*-l) ^ 

(l+2tl-^ 

(1+n'*) ( 9 -* 2 n'oot-i»') , 

II 

4i77I^ 

(1 +n'*) ^ g+2n'oot-i n') , 

(i+2a!f)« 

exp (g-2n'cot-i n') , 



m)di 

(l+2ubf)«“ 

/ 4im*z 2itn'4Z \ o , x i 

(,(T+5^ 
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1 mm _ ( 

^4;m'8(ll»'2_i) 27m'g» . 107m'»g\ 

J (l-2tifef)8 \ 

^ (l4.n'*)8 ■♦■(I4.n'8) + (l4-n'*)*j 


( 12 ) 


Xexp (— 5+2n'cot“in') 

Substituting these calculated values of the contour integrals the value of J 
splits up into two component parts — 

J «exp (2n' oot-iw'){K}-|-exp(-2n' cofi n') {K*}, 


where 




4im' , 


16wn'« 


[2+9-1 


4nn'8(l]n'S-l) 

(l+n'«)8 


(1+n'*)* 

T7r/» e • , 4im'g'€~»\ 

V (l+n'*)* + a+n'*) j 

+9' 


/47m'8(lln'2-l)€-< 
\ (l+n'*)« ' 


167ra*8gt-g ^ 27r»' 


{K* 


/ -47m' \ 

\(l+n'‘)j 


fn'8) )' 


+ ^3 


(l+n'2)2 ^ (l+n'2) 
, / 47m'i« \ 

*■'' V" (i+»'')j 


, 4im'q€9 , ( 47m'8€9 27m'5*««\ 

■^92 (1+^'2)+93 ” (l+n'2)7 

The value of K is found to be zero after simphfication, and that of K* 
_ 47m'Gi(g) 47m'8G2(?) 

•" (l-l-n'*) + (l-l-n'8)8 ’ 

where Gi(S') *» (®/?*+48/5f^) cosh g— (24/584.48/98) amh g, 

Gjlg) 8B —32 cosh g/g*4-32 sinli g/g8 
Hence the value of 






Appendix 
Table IV 


V 



Exp [— 2ir V>'o/(''— I' d)] 

Cot-1 VoHv — Vo)j 

l*'o 

0 00000 

0 0000 

2vo 

0 00184 

0 7864 

3vo 

0 01180 

0 0654 

4vo 

0 02678 

1 0476 

6vo 

0 04328 

1 1071 

6vo 

0 06020 

1 1504 

7vo 

0 07330 

1 1834 

Svq 

0 09348 

1 2004 

9vo 

0 10861 

12310 

IOvq 

0 13810 

1 2490 

llvo 

0 16260 

12646 




112 


B D NAQ-OHOWDHltRI AND K BA8D‘ 


Tablb V 


Values of L=P exp [ — 4\/ y/ *'o/(>'“i'o)] 
(When V SB vofltrs *-a sa 0 0183 ) 


V = 2vo 

L = 0 0433 

v= 7vo 

L = 0 1449 

= 3vo 

= 0 0670 

= 8vo 

= 0 1601 

- 4vo 

= 0 0890 

= Ovo 

= 0 17f>3 

== 6vo 

= 0 1093 

= lOvo 

= 0 1892 

■a 6vo 

= 0 1278 

= llvo 

= 0 2021 


Tablb VI 

J* = (2 614) (vqIv)* exp (— 4n' co/-i n')f{l—exp (— 27rn')) 
(When K = Vo. X* - 2 6140 «-* - 0 0461 ) 


v-2vo 

X* = 0 0272 

II 

X* = 0 0080 

= 3vo 

= 0 0189 

= 8vo 

= 0 0069 

= 4vo 

= 0 0143 

= 9vo 

= 0 0060 

= 6vo 

= 0 0114 

= 10vo 

= 0 0066 

= 6vo 

= 0 0096 

= llvo 

= 0 0061 


Tablb VII 

F{X, 8) - S*/(1+S*)(l+X«-S) ♦ 
(When V -= VO, F(K, 8) i*» 1 2330 ) 


Va. 2vo 

F{X, 8) = 1 3160 1 

V = 7vo 

F{X, 8) = 1 4134 

— 3vo 

= 13662 1 

= 8vo 

= 1 4106 

«4vo 

- 1 3791 1 

9vo 

= 1*4246 

= 5vq 

= 13968 1 

= 10vo 

= 14271 

SB 6l^ 

= 14050 1 

= livi, 

- 14297 


* We must remember that S has the value Q 7643 and 6* the value Q 5619 when 
9 has the value I 418 m Hartree units. 
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Table VIII 

F*(X, S) = «S*/(1-Sa) (l-Xa-f^) 
(When V = vo. S) = 0*7609 ) 


v = 2vo 

F*{X, S) = 0 7426 

V = 7vo 

F*(X, S) = 0 7344 

aa 3vo 

= 0 7390 

= 8vo 

= 0 7339 

= 4^0 

= 0 7370 

= 9vo 

= 0 7336 

aa 6Vo 

= 0 7368 

= lOvo 

= 0 7333 

= 6vo 

= 0 7360 

= llvo 

= 0 7332 


Table TX 

0(v) = 0 7770(vo/v)-2 2038 (pofv)^ 


V 

0(.) 

[<P(.)]2 

Ivo 

~1 4268 

2 036768 

2.0 

-0 1624 

0 026374 

3.0 

0 0141 

0 000199 

4.0 

0 0666 

0 003192 

5.0 

0 0673 

0 004629 

6.0 

0 0683 

0 004665 

^0 ' 

0 0661 

0 004369 

8.0 

0 0627 

0 003931 

9.0 

0 0691 

0 003493 

1O.0 

0 0667 

0 003102 

11.0 

0 0624 

0 002746 


Before proceeding to prepare a table for the absorption coefficient we should 
remember that according to our scheme of notation 

T;r(«) = ?^M»)/(X,S) «•(!-), 

, -{e) = LWf»(X, S) tOiv). 

and the values of the several factors have already been computed in the 
foregoing tables In the ad]oming table X are attached the values of 
T ^(e) and t ”(e) when these are each divided by 87r*»'oC*/e 
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Tablb X 


V 

L(t»)02(v) 



Ivo 

3 7266x10-* 

469 36x10-* 

279 76x10-* 

2vo 

01143x10-* 

30 06x10-* 

16 98x10-* 


0 0013X10-* 

0 62x10-* 

0 28x10-* 

4vo 

0 0028x10-* 

1 66 X 10-* 

0 83x10-* 

Si'o 

0 0496x10-* 

34 67x10-* 

1821x10-* 

fll'O 

0 0696x10-* 

60 24x10-* 

26 28x10-* 

7vo 

0 0633x10-* 

62 62x10-* 

32 54x10-* 

Svq 

0 0029x10-* 

71 43x10-* 

36 93x10-* 

9vo 

0 0612x10-* 

78 47x10-* 

40 40x10-* 

lO^^o 

0 0686x10-* 

83 63x10-* 

42 97x10-* 

llvo 

0 0666x10-* 

87 28x10-* 

40 69x10-* 


Tablb XI 


V 


[♦(-)]» 

-T(v>- 

Rbmabks 


- 1 4268 

2 0368 

0 2717x10“* 


Corresponding to the value 
(r'-=0. F' = 0), 
inz , 3 0807 x 10”* 

•-O+W 

-1 4110 

1 0009 

6 1334x10-* 


1 3962 

1 9466 

8 9960x10-* 


1 8708 

1 0038 

8 8660x10-* 

•'#+«<»' 

1 8640 

1 8606 

16 7868x10-* 


Corresponding to the value 

we , 0>O222 x 10“* 


1 3496 

1 8214 

16 4380x10-* 

•-o+lwo' 

1 3340 

1 7810 

16 0767x10-* 

•'o+W 

1 3203 

1 7432 

16 7276x10-* 
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V 


[6>(r)]* 

-T(v)^ 

r; 1 2?^L(v)1-’*(X,S) 

Hbhabkb 

vo-(-2€Oo' 

1*3046 

1 7017 

17 7120x10-* ] 

- 

Correapoudiug to the value 
of M^]^(F' = 0, F' = 2), 
vu , 10 4084 X 10-* 

•-o+f^o' 

1 2016 

1 6682 

17 3133X10-* 

"o+lwo' 

1 2780 

1 6333 

17 0000x10-* 

‘'0+ V^o' 

1 2640 

1 6977 

18 6296x10-* j 

V|,-t-3a»o' 

1 2436 

1 6688 

9 0883X10"* 1 

Curroaponchng to the value 
of (F' = 0, F' = 3). 

mz , 6 8303 X lO"* 

‘’ 0 + V«o' 

1 2368 

1 6297 

8 9186x10"* 

"o + iwo' 

1 2237 

1 4974 

8 7.103x10-* 

»'o+*4*"o' 

1 2106 

1 4656 

8 6449x10-* 

Vo + 4<iia' 

1 1046 

1 4268 

2 0141 X 10-* 


CorroRponding to the value 
of (F' = 0, F' =*. 4), 

me, 1 4116x10-* 

i-o + W 

1 1848 

1 40)8 

19816x10-* 

t-o+lV 

1 1722 

1 3741 

1 9397x10-* 

vo+ywo' 

1 1697 

1 3449 

18986X10-* 

fo+Owo' 

1 1448 

13106 

0 0709X10-* 

0 0641 X 10-* 

i’o-J-6«o' 

1 0960 

12012 

0 0400 X 10-* 

0 0333 X 10-* 
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Intboduotion 

Tile oHrheHt embryological investigation on the Thyraelaeacoae is by 
Hofmeister in 1849 on Daphne and since then a number of contributions 
have appeared from time to time Schnarf (1931) has reviewed these in 
his treatise on the angiosperms and has given the following summaiy of the 
embryology of the family 

The development of pollen follows the simultaneous type In Daphne 
a transitory tell plate is formed during the heterotypic division The 
mature pollen contains three nuclei The ovule has a massive nucellus with 
two integuments Accordmg to Gu6rin (1913, 1916) there is a remarkable 
development of the nucellar vascular bundle in a few members of the Thyme- 
laeaceae, namely, DicranoUpts, Craterosiphon and Synaptolepis The arche- 
sponum consists of a single cell which divides to give rise to a parietal cell 
and the megaspore mother cell The development of the embryo sac follows 
the normal type The antipodals are variable, they are small in IKtc^roemta 
indica, W canascens, Ontdra cannaia and Daphne eUptna, but show an increase 
m number in Daphne odora (three to six), Blagayanapseudomezereum, Thymelaea 
passenna, Dirca palustns (numerous) and Daphnopsis Bchwartzn (many or 
three) In most species an obturator develops at the base of the stylar canal 
for the conduction of the pollen tubes towards the micropyle The endosperm 
18 free nuclear Abnormahties occur m the famdy the phenomenon of sterility 
m Daphne odora (Osawa, 1913) and somatic parthenogenesis and associated 
nucellar embryony m Wiokstroemia tndica 

Since the publication of Sohnarf’s work some further investigations have 
been made recently Joshi (1937) has studied the development of the pollen 
m Thymelaea arvensis, Wtckstroetma indtca and Daphne Mezereum Fuchs 
(1938) ha" made a detailed study of the embryology of some members of the 
family and has also discussed the afSmtieB 

The present paper is based on a morphological and embryological study 
of Lasiostphon enoeephalus Done with particular reference to some important 
features in the development of the embryo sac and m the structure of the 
ovule. 
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Matbbial and Methods 

The matonal for inveHtigation was collected from the forests of the 
Westein Ghats in the Mysore State dunng the month of December, 1938 
Bomn’s fluid was largely used for fixation In addition, material preserved 
in formalin-acetic aoid-alcohol was also made use of The regular methods 
of dehydration and infiltration were followed In some cases the material 
was run through mixtures of alcohol and chloroform and infiltrated m pure 
chloroform By this method many of the difficulties in seotiomng the material, 
especially in old stages when the floral parts become hard, were overcome to a 
certain extent All the sections wore stained in Heidenhain’s iron-alum 
haematoxylin which was quite satisfactory 

The Floweb 

The flowers are grouped together in dense head-liko inflorescences and 
develop according to a racemose plan Each flower has a single whorl of 
peiianth which forms a long tube (fig 3), at the top of which are seen five small 
imbricating segments of the perianth The outer surface of the perianth is 
densely clothed over by numerous silky hairs In very advanced stages of 
the flower the upper half of the perianth becomes detached by the formation 
of an abscission layer and the lower half remains as a loose membranous 
covering for the developmg fruit 

There are ten stamens in two alternatmg whorls of five each and those 
are adnate to the perianth The vascular connections to the outer (upiior) 
whorl of stamons are separated from the nudrib bundles of the perianth, while 
those to the inner (lower) whorl are separated from the oombmed lateral strands 
supplying the adjacent margins of the perianth segments Outside the outer 
whorl of stamens and alteniating with these and the ponanth segments there 
are five fleshy parenchymatous soale-like structures which are roughly bifid 
(fig 4) These do not have any vascular oonneotions and may, therefore, be 
regarded merely as lobes formed by the perianth segments 

The ovary is raised on a short stalk and contains a smgle ovule The 
stylo IS long and narrow and terminates in a head-like stigma (fig 6) The 
peripheral epidermal cells of the 8t^;ma become conspicuous very early with 
noh contents and gradually form a number of papillae (figs 6, 7) These 
papillae next become elongated considerably to form short hairs (fig 8) amidst 
which the pollen grains are deposited After the receptive function is over the 
stigmatic hairs are filled with tannin and later may either persist as such or 
may drop off 

The external surface of the ovary is covered over by hairs similar to those 
found on the perianth These hairs gradually fall off later as the fruit begms 
to be formed 

At the base of the ovary a conspicuous nng-Uke disc-scale develops. 
This IS provided with vascular oonneotions from the reoeptaoular stele (fig 3) 
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This (lisc-scalo is regarded as n much reduced inner whorl of floral leaves, the 
corolla, as suggested by Joshi (1936) in another member of the Thymelaoaooae, 
SteUera chamajasme 

Development of the Miorosporanoium 

The primordia for the two sets of stamens ai-e formed veiy early in the 
ontogeny of the flower They are at first ma<le up of uniform cells without 
any differentiation As further giowth takes place, a single layei of cells 
becomes clearly marked out within the epidermis (fig 10) This layer con- 
stitutes the archesporium of the anther which next divides ponchnally to form 
an outer primary parietal layer and an inner sporogonous layer The formei 
divides again periclinally immediately to form two layers (fig 11), of which 
the outer without further divisions functions as the endothecium in the mature 
anther, while the inner divides for the last time ponchnally to give use to the 
single middle layer and the tapetum (fig 12) The taiiotum lies in immediate 
contact with the sporogonous layer, tho colls of which have divided in the 
meanwhile to form two layers of microspore mother cells 

During the development and increase in the size of the tapetal colls and 
the spore mother cells, both tho endothecium and tho single middle layer are 
greatly crushed tangentially (fig 13) With tho increase in the size of tho 
tapetal cells, which marks the commencement of their activity, tho nui lens 
of each coll divides once mitotically so that the tapetal cells finally become 
binucleate At this time tho cells are more or less bulging with their inner 
walls rounded off (fig 13) 

Just as a tapetal layei is formed towards tho outside of the sporogonous 
cells, it IS also formed towards the inside by the colls of the tnnnective tissue 
of tho anther These inner tapetal cells are exactly similar to the outer ones 
both in shape, as well as m contents, being also similarly binucleate (fig 13) 
In the older stages of the anther, the tapetal cells break down and theu- dis- 
organised remnants may be seen sis darkly staming scattered bits within the 
wall of the anther 

Development of the Meoaspobangium and the Female Gametofbyte 

As already stated, tho ovary contains a single ovule which is attached 
laterally on the placenta with the micropyle pointing upwards (fig 9) The 
ovule first develops as a mass of undifferentiated tissue and gradually assumes 
its typical structure by forming two annular rings of tissue one below the 
other (figs 3, 15) These are the primordia of the two integuments At this 
stage a large space is seen developing in the cavity of the ovary below the 
ovule (fig 3) This space persists characteristically in subsequent stages and 
although an attempt was made to verify if this refuresented any provision for 
the development of a second ovule, no evidence for this was forthcoming. 
In later stages, when the seed begins to develop after fertilisation, the space is 
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partly fillwl up by the downward growth of the base of the seed, while a small 
portion of it still remains and becomes filled with air 

During the development of the ovule, the micropyle comes in contact 
with a special tissue formed at the base of the stylar canal (fig 9) This 
tissue consists of regularly arranged elongated cells containing abundant 
material and projecting into the ovarian cavity (fig 14) This is the obturatoi 
which functions as a device for the conduction and growth of the pollen tubes 
as they descend from the stylar canal towards the micropylo The obturator 
IS oharaotenstio of most of the Thymelaeaceae and it is also mot with in certain 
other families, as Euphorbiacoao, Rosaceae, Elaeagnacoae, Umbollifereae, 
etc The morphology of the obturator, however, is dififorent in the several 
oases, for it arises either from the placenta or the fiuiiculus, while in the 
Thymelaeaceae it is a speciahsed part of the transmitting tissue which fills 
the stylar canal 

After the inception of the integument prunordia, both the integuments, 
which in most subsequent stages of development are free from each other, 
grow at first uniformly all round the nucellus (fig 16) But after a time the 
inner integument grows more rapidly than the outer and alone forms the 
micropyle (fig 9) The upper part of the iimer integument at the region of 
the micropyle becomes conspicuous as a conical projection surmounted by a 
knob formed by the flaring rim of the integument (fig 9) The nm of the 
outer integument stops short behind the knob and invests the part below the 
knob as a tight>fitting collar Later, however, as the seed develops the outer 
free portion of the rim of the outer mtegument, namely that lyuig on the 
opposite side of the placenta, grows beyond the knob and, closely arching 
over, forms a hood-hke oovermg for the micropyle (fig 20) 

Both the integuments are at first made up of three layers of cells except 
at the base where there may be four layers (fig 16) Gradually tho number 
of coll layers in the inner integument increases to four, and the cells, filled 
with dense cytoplasm, show a very regular arrangement (fig 21) In the 
meanwhile tho outer integument forms five layers of regularly arranged cells, 
which are not only larger than those of the inner mtegument, but also contain 
less cytoplasm and include vacuoles (fig 21) As further growth of the ovule 
proceeds, the inner integument also becomes five layered, but all the cells, 
except those forming the inner epidermis, now contam only a little cytoplasm 
and extremely reduced nuclei (fig 21). This evidently means that the materials 
once stored in the cells of the inner mtegument have passed mto the nucellus 
for its growth At this time the cells of the outer epidermis of the inner mtegu- 
ment become radially elongated , and still later, when the seed develops, appear 
as a palisade layer made up of columnar cells (fig 23) This feature is especially 
marked at the base of the mtegument 

Simultaneous with the changes m the inner mtegument as described 
above, the outer mtegument also shows further transformations The number 
of cell layers remains as before, namely five, but the cells lose their regular 



Fiqb 1-13 Figs 1-3 Stages m the development of the flower x40 Fig. 4. 
Scale like lobe of the perianth Fig 3 Entire ovary ahowing diac^calo, D^. X 8 
Figs 8-7 The stigmatiohaiTB forming aa papillae x200 Fig. 8. Same, later 
stage ahowmg tannm in the hain X 120 Fig. 9 Longitudinal section of 

ovary showing the position of the ovule and the obturator x40 Figs 10-13 

Stages m the development of the anther wall X 450 



122 SB KAUSIK STRITOTURB AND DEVELOPMBNT OP THE OVULE 


arrangement Further, the cells of the inner layer become tannm-filled and 
take a brownish stain with haematoxylin (fig 23) In the developing seed, 
the outer integument becomes very much compressed and forms a thin but 
fibrous covering for the seed 

After the formation of the pnmordia of the integuments the inner mass 
of tissue, the nucollus, begins to grow rapidly The apex of the nucellus 
assumes a more or less conical shape and the epidermal colls of this region 
begin to undergo a seiios of perichnal divisions to form the so-called epidermal 
caj) (fig 17) Below this tap a largo amount of tissue with nch contents is 
recognisable This tissue is designated by Fuchs (1038) as the ‘Deckzollen- 
komplox* and is derived by the divisions of the primary parietal cell formed 
by the arohosponum This tissue, together with the overlying epidermal 
(ap, gives a somewhat glandular appearance to the apex of the nucellus (c/ 
Protoaoeao, Brough, 1933, Kausik, 1938a, 19385, 1939), and is perhaps of 
advantage in the passage of the pollen tubes towards the embryo sac which 
18 situated far below The cells of the nucellus below the apex are also fairly 
well filleil with mateiials although not to the same extent But at the base 
of the nucellus and immediately below the antipodal end of the embryo sac 
a region of extremely rich cells develops conspicuously which are elongated 
and regularly arranged to form a strand of tissue (figs 18, 19) This strand 
functions as a conducting strand for supplying materials to the embryo sac 
for its growth, not only prior to fertilisation, but also afterwards when the 
embryo sac elongates remarkably The conducting strand spreads out at the 
base of the nucellus like a pedestal surmounted by the embryo sac 

Fuchs (1938) describes the presence of a conducting strand in her study 
of the other members of the Thymoloeaoeae It is also met with in the Lythra- 
ooiie (Joshi and Venkateswaralu, 1936) and in the €k)issolomataoeae (Stephens, 
19()9a) In the latter instance it appears to offer a certain amount of obstruc- 
tion to the antipodal end of the embryo sac during its post -fertilisation elon- 
gation and IS left over as a bundle of tissue projecting mto the embryo sac 
when the latter grows down and all round it Kershaw (1909) states that a 
conducting strand is present in the ovule of Mynea Oak and remarks that it 
may either represent the remains of an ancient nuoellar vascular system or 
that it may bo an entirely new structure developing at the base of the nucellus 
In the Thymelaeaoeae Gu^nn (1913, 1915) has found the nucollar tracheal 
tissue in some members, but it is absent m the other members studied by 
Fuchs (1938) and also in Laawatphon It may, therefore, be suggested that 
the conducting strand, which is oharactenstic of the Thymelaeaoeae and is 
also met with in other families which may not be related to one another on 
other grounds, may be regarded as a special device formed at the base of the 
nucellus and in response to the nutritive demands made by the embryo sac 
The femak gametophyte — ^It is hard to detect the presence of the arohe- 
sporial cell in the nucellus of the young ovule as all the cells are similar But 
in slightly older ovules, when the integuments have just been formed, there is 





Flos 14-28 Fig 14 Base of the stylar oanal showing the obturator. x400 
Fig 18 Young ovule showuig ttie megaspore mother cell and the ongin of the 
integuments. x200 Fig. 18 Seme, later stage showing the conducting 
strand at the base of the nuoellus x200 Fig 17. Apex of the nuoellus 
showing formation of epidermal cap and the massive psnetal tissue x400. 
Figi 18, 19 Base of nuooUus showing oonduoting strand. x400. Fig. 20. 

Longitudinal section of seed with hypostase marked Wao^ XW. Fig 21. Part 

of the mteguments to show details. X400. Fig 22. Part of inner integument 
later. x200. Fig. 23 Pert of both integuments ftwn the seed. x200. 
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already seen a Hingle large cell which by its position and charaoterifltios must 
bo regarded as the megaspore mother cjell (figs 16, 24) Overlymg this there 
are two fsells which are evidently formed from the parietal cell which has divided 
once periclinally soon after its formation from the arohesponal cell (fig 24) 
At this stage some of the epidermal cells at the apex of the nucellus have 
(IivuUhI to form the epidermal cap so that the megaspore mother cell lies four 
cells below the outer surface of the nucellus The mother cell next elongates 
rapidly (fig 20) before undergoing the two divisions in the formation of the 
linear tetrad The actual stages leading to the development of the tetrad 
and the survival of one megaspore to form the embryo sac were not available 
A considerable time seems to elapse before any activity sets m in the mother 
cell during which it undergoes a period of rest The next stage available in 
development was one shown in fig 27 where the two nuclei of the young 
embryo sac are already formed and these have taken up their respective posi- 
tions at the two ends At this stage some vacuoles are seen in the embryo 
sac and attention may be specially drawn to one such vacuole below the 
primary chalazal nucleus This vacuole persists in later stages and is present 
even after all the eight nuclei are formed (fig 28) It is interesting to note 
here that a chalazal vacuole has been figured by Mauntzon (1934) at the 
two-nucleate stage of the embryo sac in Cuphea laneeolaia and C pkUyeentra 
and by Joshi and Venkateawaralu (1936) in some of the other members of the 
Lythraoeae The latter authors state that ‘the binucleate embryo-sac, as 
in Lager8troem%a, is often characterised by the persistence of the chalazal 
vacuole for an unusually long period and sometimes this condition is seen even 
during the development of the 4-nuoleate embryo-sac or after its formation ’ 
They further remark that this feature and the early degeneration of the anti- 
podals in the Lythraoeae, besides a few other nunor ones, ‘have been regarded 
by Tischler (1917) and Mauntzon (1934) to mdioate that the embryo-sac of the 
Lythraoeae forms phylogenetioally an intermediate stage between the 4- 
nuoleate embryo-sac of the Onagraoeae and the normal 8-nuoleate embryo- 
sac’ On the same ground it is reasonable to postulate here on the probable 
relationship of the Thymelaeaoeae with the Lythraceae, between which families 
there also appear to bo other almost parallel structural features in the devel- 
opment of the ovule In fact there is some justification for this, for according 
to Hutchinson (1926) the Thymelaeales are to be regarded as the ‘increasingly 
woody apetalous relations of the Lythrales ’ 

After the establishment of the eight nuclei the organisation of the embryo 
sac begins with the formation of the egg-apparatus, the antipodal cells and the 
two polar nuclei (fig 29) The cytoplasm of the embryo sac is highly vacuolate 
and becomes more so a little later The synergids are at first roughly pear- 
shaped with a large basal vacuole and a dense mass of cytoplasm oontauung 
the nucleus at the apex (figs 29, 30) As the embryo sac reaches the stage of 
fertilisation, the synergids jihow each a slight beak-hke projection appearing 
as a hump on the free outer side (figs 32, 33) The nucleus assumes a more 
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Fiob. 24-33 Fig. 24 Fart of nuoellus with megaapore mother cell with formation 
of epidermal cap and two parietal cella X 900 Fig 20 Ovule with 
megaspore mother cell later X 80 Fig 26 Part of same enlarged x 400 
Figs. 27, 28 Two and eight nucleate embryo sacs respectively with ohalaaal 
vaoucde xOOO Fig 20 Fully formed embiyo sac x400 Figs 30, 81 
The aynergids and the antipodals from the same enlarged and showing division 
of nucleus in two antipodals x900 Fig 32 Bmbryo sac at the time of 
fertilisation and triple fiision X40O Fig. 88 Micropylar end of same 
enlarged to show a male nuoleua m contact with the egg nucleus and the qieoial 
sphencal body m each syneigid, both aynergids are intact and the poUeii tube 
hiu entered behmd and between these X 1300. 
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or loH8 central position, and in contact with this there w sometimes seen a 
dense spherical body stained brownish with haematoxylm in each synergid 
(fig 33) It 18 rather hard to discuss the nature of this extra body, but the 
suggestion that it may probably represent some special substance stored up 
in the synergid to facilitate the entry of the pollen tube by its chemotactic 
infiuence does not siwm to be wholly unwarranted This suggestion is furthei 
strengthened by the fact that in such cases both the synergids are often left 
intact when the pollen tube enters the embryo sac and discharges its contents 
(fig 33) The further fate of this body could not be studied and it is sufficient 
to mention that it disappears from view in later stages when the synerguls 
begin to degenerate some time aftei fertihsation 

It may be mentioned here that the body mentioned in the synergids looks 
very much like the kinoplasmic mass seen in the egg coll of some gymnosporms 
Land (1904) describes m the case of Ephedra trxfurca that ‘a conspicuous 
kinoplasmic mass lies at a little distance below the nucleus’ of the central cell 
of the archegomum He further remarks ‘In the earhest stages it is coarsely 
granular, and later becomes dense, and is larger and sharper in outline than 
the similar body which is so conspicuous in some of tho pines and in Thuja 
occtdentalts ’ 

The antipodals are three in number, but in some cases tho nucleus in each 
cell divides once mitotically (figs 29, 31), followed by the separation into 
daughter cells Either all the antipodals take part in this division, or only 
one or two may divide, so that finally the number of antipodals m a mature 
embryo sac vanes from throe to six After fertilisation all these colls begin 
to degenerate and in later stages are recognisable only as heavily stained 
specks at the lower end of tho embryo sac 

The two polar nuclei meet each other at first in the centre of the embryo 
sac (fig 29), but may subsequently be found anywhere in the lower end or 
even very near the antipodals Their union is considerably delayed and seems 
to take place regularly just prior to triple fusion The two polar nuclei in a 
half fused state, showing distinctly two independent chromatin masses and 
two nucleoli, were seen with the second male nucleus closely perched on them 
as shown in fig 32 Fuchs (1938) remarks that the two polar nuclei wander 
towards the olialazal end and states that she could not observe their fusion 
in her matenals 

During all the stages leading to the final organisation of the embryo sac 
tho neiglibounng cells of the nucellus are crushed to a large extent and appear 
as several scattered bits all round the embryo sac Thus these cells not only 
afford extra space for the enlarging embryo sac but also supply it with materials 
that are stored up in the earlier stages 

FBBmiSATXOM 

Stages showing the actual entry of the pollen tube into the embryo sao 
were not seen in any of the preparations But slightly advanced stages with 
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tho duoharged pollen tube wore mot with In Ruoh caRos one of the two 
synergidfl was intact, while the other had been destroyed by the pollen tube 
The surviving synergid was seen persisting even in later stages when the embryo 
sac had formed a few free ondosperm nurlei (fig 36) Sometimes both the 
synorgids were found to be quite intact oven though the pollen tube liad entered 
and tho two male nuclei were in association with the egg nuclous and tho polar 
nuclei (fig 32) It was in such a case that tho sjdierica] body already referred 
to was noticed in th(' synorgids and as suggested it is probable that it has a 
definite r61e to perform in tho actual entry of the jmllen tube passing btdween 
and behind the synorgids as shown in fig 33 In this figure, the disorganised 
remnants of the tip of tho tube aro clearly seen as a number of dark specks 
scattered in the vKimty of the egg-apparatus and maiking the track of the 
pollen tube Joshi and Ka]ale (1937) have shown that both the synergids 
are frequently intact duiing fertilisation in AUermnthera sessihs and in 
earlier literature such a condition has also been noteil in HaliT (t'hamberlain 
1897) and Stlphtum (Merrell, 1900) 

Fertilisation and triple fusion occur regularly in Ijamonphon eriocephalvs 
The first male nuclous fuses with the egg nuckuis, while the second tiavels 
down the embryo sac rapidly and fuses with the two polar nuclei which are 
uniting with each other just now The actiuil fusion of tho male nut lei seems 
to be simultaneous in both fertilisation and triple fusion 


Development of the Embryo and Endosperm 

The first division in the fertilised egg takes place only after a few fVee 
endosperm nuclei are formed This division takes place by u transveiso wall 
to form a proximal or basal cell and a distal cell The second division, presum- 
ably also by a transverse wall, is formed in the distal cell so that the pro-embryo 
becomes throe-colled as noted by Fuchs (1938) Tho further divisions are 
irregular and take place by inclimng and interesting walls to form an oval 
embryo in which tho distal and the proximal ends are clearly seen There is 
a basal cell with large vacuoles (fig 37) As further growth in the embryo 
proceeds the histogens are formed after which tho embryo grows rapidly, 
encroaches on the endosperm and occupies the entire cavity of the seed in the 
mature condition 

The endosperm first arises in a free nuclear state and very early in develop- 
ment shows a paired arrangement of these nuclei at the micropylar, central, 
and ohalazal portions of the embryo sac (figs 34, 36) The pair of nuclei 
at the ohalazal end is particularly conspicuous by their large size, and being 
embedded in a dense mass of cytoplasm (fig 36) appears to take part to a 
considerable degree in the absorptive activity of the lower end of the embryo 
sac Puohs (1938) states that m later stages, when the endosperm becomes 
cellular, the lower end of the embryo sac contains largo cells which have either 
many nuclei each or a single giant nucleus The two large nuclei noted in the 
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prosent (jase probably give rise by farther divisions to the giant nuclei described 
by her 



Ficb 34-87 Fig 34 Part of longitudinal oeotion of seed to show a few free endo- 
spenn niiolei X 40 Figs 36, 36 Mioropylar and ohalasal ends to show the 
fertilised egg, one of the surviving synergids, and the paired arrangement of 
ondosperm niicloi, the ohalaxal pair of nuclei is prommently seen in fig 36 
X 000 Fig 37 A small many>oelled embryo with rounded distal and wedge- 
shaped proximal ends. xOOO 

After a large number of free nuclei are formed in the embryo eac, the 
endosperm tissue is built up which includes large and irregular cells This tissue 
IS rapidly onoroaohed upon later by the growing embryo and is completely 
destroyod bv it when the seed reaches the mature condition 

The Seed 

The seed has a hard seed-coat formed by the two integuments The outer 
integument forms a fibrous oovenng which may be easily peeled off from the 
seed, wlule tlie inner remains as a very rigid and firm investment for the 
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ombryo Tho outer epidemuH of thw mtegumoiit forms u woody palismle la>oi 
(fig 23) fts mentioned by Fuohs (1038) The base of the seed shows a thick 
pad of tanrun-fiUed tissue, the hypoataae, which takes up a very heavy stain 
(fig 20) Withm the seed-coat, a thin layer of nucollus persists all around as a 
lining for the ombryo, while the apex of the nucellus projects conically into the 
narrow micropyle 


Conclusions 

The present account of tho embryology of Lasxosiphon enotephalm Dene 
conforms in all rosiwcts to tho earlier investigations in the iamily and includes 
a detaded study of some important features in the ilevelopment of the ovule 
and the embiyo sac The noteworthy points in tho lifo-lustoi y are tho presence 
of tho obturator, tho formation of the epideimal cap and the cell complex 
arismg from the parietal tissue in the ovule, and the piesein^i of a conducting 
strand at the base of the nucellus In the development of the embryo sac the 
presence of tho chalazal vacuole lias been pointeil out and it has been suggested 
that in this feature^ as well as in a few others, evidence foi kinslup betwwn 
this famdy and the Lythraceae may be forthcoming The presence of a special 
body in the synergids, which appears to be recorded here foi the first time, 
can only be interpreted as a special feature of the synergids to help in tho entry 
of the pollen tube into the ombryo sac and its association in cases whore both 
the synergids are left intact at the time of ioitilisation lends additional suppoit 
to this surmise 

Tho development of an oval embryo without a susixnisor seems to resemble 
the condition in CkwsoUma margxnata (Stephens, 1909a) belongmg to the 
Geissolomataoeae and also found ui the Penaeacooe (Stephens, 19096) In 
the family Proteaceae also, which is regarded by some to be related to the 
Thymelaeacoae, it is curious to find a spherical (according to Ballantmo, 1909 
and Brough, 1933), but more correctly an oval, embryo (Kausik, 1938a, 1939) 
This fact, along with tho presence of tho glandular apex of the nucollus formed 
by the parietal tissue in both the Thymelaeacoae and the Proteaceae, appears 
to offer some ground for considering the relationshii) between tho two families 
as really vahd From tho point of floral anatomy also additional light seems 
to be thrown on this question, for in both the families the perianth represents 
the whorl of calyx (Joshi on UteUera, 1936, Kausik on Macadatma, 19386, 
1940), while the corolla is very much reduced and is represented by the disc 
at the base of the ovary Thus the ancestral condition in both has to be 
regarded as a diohlamydeous one and the modern members have become simple 
through reduction The arrangement of JBentliam and Hooker (1862'>1883) to 
molude both these families under the Monoohlamydeae must, therefore, be 
considered as unjustified 

Fuchs (1038) has discussed the systematic position of the famdy from an 
embryologioal standpomt and states that it is surpnsmg that there are such 
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groat differences between the closely related families Penaeaceae, Geissolomata- 
coae and the Thymelaeaceae It may be remarked here that these embryo- 
logical differences may only moan individual specialisations in these several 
families and may not be fundamental in sotthng the affinities of these families 
In the case of the Penaeaceae (Stephens, 19096) it is true that there is the de- 
velopment of a 16-nucloato embryo sac by the participation of all the four 
megaspores, but Stephens suggests that it is a derived condition from, perhaps, 
the Goissolomataceao (1909a) which shows a normal development Fuchs 
(1938) further diseussos the systematic position of the Thymelaeaceae with the 
other families of the Myrtiflorae according to Engler and Gilg (1924) and states 
that in the possession of an obturator the family stands sharply distmct from 
ail the others and points out that only the Elaoagnaceae, whore a sort of an 
obturator is formed, come very close to the Thymelaeaceae 

Joshi (1938) has considered the affinities of the Thymelaeaceae from floral 
anatomy and points out from a study of StelUra chamaejaame that the arrange- 
ment of Hutchinson (1926) to include the family Nyctagmaceae also in the order 
Thymolaeales cannot bo justified He further states that the Thymelaeaceae 
must have come from dichlamydoous ancestors as the disc-scale represents a 
much reduced inner whorl of floral leaves, the corolla The present writer 
IS in completo agreement with this view Joshi also proposes that tho two sub- 
famihos, tho AquUarioae and the Thymeleae, may brought closer together 
on account of anatomical evidence for a bicarpollary gynoocium in SteUera 
belonging to the Thymeleae, which is generally regarded as possessmg a mono- 
carpellary gynoecium Fuchs (1938) states that while the gynoecium in tho 
family is usually made up of a single carpel, tho Aquilarioideae and the Phalonoi- 
deao possess two carpels, while Octolepis has four It, therefore, seems quite 
tenable that a reduction m tho number of carpels has taken place m tho 
family and that ancestrally there were more carpels As an extensive study of 
the floral anatomy of L<moa*phon does not fall within the scope of the present 
investigation, a more detailed approach to this question cannot now be made. 

SUMHABY 

1 Tho structure of the flower and the development of the anther and the 
ovule are desenbed in detail 

2 The wall of the antlier has four layers tho epidermis, endothecium, 
a single middle layer, and the tapetum All these layers except the epidermis 
are formed from the primary parietal layer The tapetal cells become bi- 
nucleate and similar oells are also formed by the cells of the connective tissue 
of the anther towards the sporogenous layer 

3 In tho developing ovule the apex of the nuoellus becomes conspicuous 
with the formation of the epidermal cap and the cell complex ansmg from the 
primary parietal cell l^ere is a conducting strand at the base of the nuoellus 
for supplying nutrition to the growing embryo sao 
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4 The megaspore mother cell is formed by the arohesporial cell after a 
panetal cell is out off Tho further behaviour of the mother coll is normal and 
the embryo sac develops according to tho usual type 

6 A chalazal vacuole is seen in the developing embryo sac oven after 
the 1 -nucleate stage and its significance is considered in llie light of previous 
literature 

6 The synergids sometimes show a spherical body which is regarded as a 
special substance to aid in the entry of the jxillen tube into tho embryo sat 
Both the synergids are then found intact when tho pollen tube enters, while 
at other times when the body is not seen one of the two synergids degenerates 
as usual 

7 The first division of tho fertilised egg takes place only after a lew free 
endosperm nuclei are formed The embryo becomes oval in form during 
development and lacks a suspensor 

8 The endosperm is at first free nuclear and later forms a loose tissue 
made up of large and irregular colls During the free nuclear condition two 
largo nuclei are found at the chalazal end and they are probably concerned 
actively in the haustorial function of the lower end of the embryo sac 

0 As the seed develops tho endosperm tissue is completely used up by 
tho embryo Tho structure of the mature seed is described in the paper 

10 The affinities of the Thymelaoaceae are considered, and it has 
been pointed out that, as Joshi (1936) suggests, tho family is dorivcnl from 
dichlamydeous ancestors 
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Thirteenth Ordinary General Meeting. 

The Thirteenth Ordinary General Meeting of the National Institute 
of Sciences of India was held in the University Chemical Laboratories, Lahore, 
on the 11th and 12th March, 1940 Owing to tlie absence of the President 
and the Vice-Presidents, Khan Bahadur M Afzal Husain was appointed 
chairman 

Present Khan Bahadur M Afzal Husain 
Prof S S Dhatnagar 
Dr H Chaudhun 
Principal B L Bhatia 
Prof S L Ghoae 
Prof P K Kichlu 
Mr E 8 Pinfold 
Prof J N Ray 

Prof 8 P Agharkar, Honorary Secretary 

Besides the Fellows there were also present about 80 visitors on the 
11 th and 110 visitors on the 12th March, 1940 

1 The minutes of the 6th Annual General Mc'eting hi Id on the 2nd 
January, 1940, wore read and* confirmed 

2 The following Fellow signt d the duplicate obligation and was admitted 
os a Fellow under Rule 13 

Prof P K Kichlu 

3 The following papers were taken as read owing to the absence of the 
authors — 

(1) On the structure of atomic nuclei By M N Saha, S C Sircar 

and K C Mukherji 

(2) On the theory of spiral nebula By D N Moghe (communicated 

by Pnncipal G S Mahajani) 

(3) On the theory of a system of receding particles having a tendency 

to approach the central mass By D N Moghe (communicated 
by Pnncipal G S Mahajam) 

(4) The second maximum of the Rossi curve By N N Das-Gupta 

(communicated by Prof M N Salia) 

(5) The continuous spectrum of hydrogen excited by canal rays of 

hydrogen By V T Chiplonkar (communicated by Prof M N 
Saha) 

4 The following papers were read — 

(1) On the constitution of Chokshin, a new drug — from Gassia abrus 

By Kartar Singh Narang, J N Ray and K N Gaind 

(2) Magnetoohemioal methods in chemical research By P L Kapur 

and S S Bhatnagar 
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6 At the adjourned meeting on the 12th March, 1940, a Symposium 
was held on ‘ Some aspects of the application of Science to the development 
of Indian Industries ’ 

The following papers were read — 

(1) Geology and the search for oils By E S Pinfold 

(2) The drug industry in India By J N Ray 

(3) Defence Co-ordmation and National Planning By Lala Feroz 

Cliand 

(4) Petioleum Products and National Economy By F J Ward 

(6) National Planning By Ruehi Ram Sahni. 

The papers will be published in due course in the Proceedings of the 
National Institute of Sciences of ineba 

Witli a vote of thanks to the chair the meeting terminated 
Prof S S Bhatnagar entertained Fellows of the National Institute to 
lunch on the llthjind Khan Bahadur M Afzal Husain to tea on the 12th 
March, 1940 
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Part IV Synthksfs o* Berzo-isoquinolinks and a study of the 

METHODS OF PREPARING ISOQIUNOLINES FROM THE NAPHTHALENE RING 
By B B Bey and S Rajagopalan 
{Read January 2, 1940 ) 


Tho first synthoRiH of a benzo-isoqiimnlmo (fi 7) to havt boon 

ra.iriod out by Philliiw (Brr , 1894, 27, 1923 1895, 2S, 1658), who i)it)(:<H‘(l«(l 
in ail iiulircct way, accoixling to tlio following sohcinc — 



6 T-bunzo-iHoquinolino 


A different method was adopted by Putot and Hubert (Brr , 18%, 29, 
1183), Mho prejiared 3 4-l)eii7o-iHoquiiioline and a lew substituted products, 
albeit in iioor yields, in the following way — 



3 4-beiizo-iBoquinoline. 


* Parte I-III appeared in the Arehw der Pharmant, Berlin, 1937, pp 383-307 , 
pp 307-400; and 1030, pp 177-192 


VOL. VI-^o. 2. 


[Published July lOth. 1940. 
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Later, Pictet and Manevitch (Arch Set. Phya Nat , 1913, 36, 40) claimed 
to have effected the direct synthoHos of l-methyl-6 6-benzo>iHoqumohno with 
a naphthalene compound as the starting material, by the steps mdioated below — 



l-methyl-6 6- 
beniso-isoquiuoline 

Wo have CHi'efully repeated this work, but we have been unable, m 
spite ol repeated attempts, to cany out the last stage, i e cyclisation ol the 
amide to the isoquinohne 

The next syntheses ot compounds of this class were those of 1-methyl- 
3 4:-dihydro-6 6-benzo-isoquinolme and l-mothyl-3 4-dihydro-7 8-benzo- 
isoquuiohne, accomplished by Gibson, Hanharan, Monon and Sinionseii 
(J Chem Soc , 1926, 2247) They started from a- and jS-naphthaldehydes 
and proceeded in the following stages — 

CioH, UHO-KCHs)* CO 

I 

CioH, CH CH CO CHa 

|h. 

CjoH, CHa CHa CO CH3 

|NHa OH 

CioHy CHa CHa C (N OH) CH, 



1 -methyl -3 4-dih^dro- l-methyl-S 4-fiihydzo- 

6 O-benzo-isoqumoline 7 . 8-benzo>isoqumoline. 


IB 
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Tho yields weiv stHtcd to bo oxotHwlingly |KHjr 

Lately, Moigau and Walls {J Chem Soc , 1931, 2447) sucoosslully applied 
the Bischlor-Napieralsky method U> the pieparatioii ol 1 -alkyl, thloroalkyl, 
phonyl- and mtro-phenyl-phenanthridiiies in gootl yields startmg, like Putei 
and Hubert (toe t%i), with o-amino-diphenyl Their ihioi interest lay in 
preparing the 1-ortho-, mota-, and ]mta-ainmo-phonyl pheiiunthndines (i e 
3 4-ben/u-isoquinohncs) ol tho following ty|)e whnh were exiiocted to bo 
physiologically active — 



Recently, Braun and Nelles (Bet , 1937, 70, 1760) have synthesised 6 7- 
benzo-isoquinolme refKirtod previously by Phillips (Ber , 1894, 27, 1923, 
1896, 28, 1668), in a more satisfactoiy uiatmer, thus — 



A survey of tho literature relating to the investigations on the benzo- 
isoquinohnes referred to above shows that our knowledge of these bodies is very 
incomplete at present The only metlKKls entitled to senous consideration 
as constituting direct syntheses of isoquinohnos from tho naphthalene com- 
pounds are those of Pictet and Manevitch (toe ext ) and of Simonsen and his 
co-workers (toe ext ), but oven in the latter eases, the products have not been 
characterised sufficiently fully A systematic study of tho methods of pre- 
paration and properties of bonzo-isoqumolmes appears, therefore, to be highly 
desuable 

The present investigation was undertaken with a view to prepare benzo- 
isoquinolmeB of the following type from the easily obtainable a-naphthyl 
methylamines, the C-atom m the pen position partimpatiug m the cyclisation — 
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bon/o-itM)quino1ino 

Although compoiindH ot the tyjw Ar-(/ N C C have boon kncnvn to rewst 
attempts at eycliHation to is(H|tunoliiie donvatives (Cf l)ey and Goviudiuhan, 
Arch Pharm , 1037, 276, 383), it waa hopt'd that the romaikable activity 
UHiinllv attrihuti'd to tho jx-ri G-atom in tho najihthalene nudous would eountor- 
ait this roliKtaiU'o to a great extent As examples of the ease with whuh 
pori-poii lyclu compounds are formed, may be montioiual tho syntheses of 
substituted najithastyrils by Rule and Turner (./ Chem Soc , 1936, 317) and 
of 7 8-dihydro-phenalono-9 by Meyer, Fisihei and others (Ber , 1922, 55, 
1866) from naphthyl- 1 propionyl t blonde 

2- and 4-methoxy-naphthyl methylammcs and 4-mcthoxy-na})hthyl-a- 
mothyl-mothylamino woie used as our starting materials 

2-methoxv-naj)hthyl metbylamino was obtaiiM^d by the reduction of 
2-motho\y imphthaldoxiine (Briwly and Goldstein, J Chem Soc , 1927, J30, 
1969), but the yield of tho amino* was much reduced by the smiultanoous 
formation of considerable amounts of )3-naphthoI methyl ether, by the splitting 
off of the side chain m tho a-iKisition This rather unusual reaction has boon 
noticed also with 2-hydroxy-iiaphthaldehydo by Betti and Mundici {Oazetta, 
1906, 36, 666) A more satisfactory process for the preparation of 2-hydroxy 
naphthyl methylannno was found in the hydrolysis, studied by Duff and 
Bills (J Chem Soc, 1934, 1307), of tho additior compound of j3-naphthoI 
and iirotropiiio The amine gave an N-acotyl donvativo which on methylatioii 
formed tho acetyl 2-methoxy-naphthyl methylamine in exeellont yield Tho 
two methods are illustrated by the following scheme — 
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4, methoxy-naphthyl-methylamine was obtained without difficulty from 
j>-methoxy-naphthaldoxuno (Brady and Goldstein, toe cxi ) and 4, methoxy- 
naphthyl-a, methyl-methyl amine was prepared from p-methoxy-aeetonaph- 
thono oxime (Schneidor and Kuhn, jBcr, 1921, 64, 2303), by reduction with 
ttodium amalgam 

’ The acetyl derivatives of these amines wore subjected to the Bischler- 
Napieralsky reaction, peri-peri>benzo*i8oqumohnos being expet teil to lie 
formed in the following manner — 



The action of phosphorus oxychloride with or without toluene or phos> 
phorus pentoxide in boiling xylene led to the formation of only non-basic 
subatanees which could not be purified, while the action of phosphorus penta- 
chlonde in chloroform on the diacetyl and dibenzoyl derivatives of 2, hydroxy- 
naphthyl methylamme resulted m the formation of small quantities of 
cryatalhne substances containing chlorine but free from nitrogen It has not 
been possible to investigate the nature of these bodies on account of their 
poor yields 

The failure to synthesise peri-pen-benzo-isoquinolines from substituted 
a, naphthyl -methylamines is thus parallel to the fnutless attempts made by 
other workers to obtain isoqumoline derivatives from bases of the beiizylamme 
type (of Mannioh and Kuphal, Arch Pharma 1912, 2J0, 620; Staub, Halv 
Ckim , 1922, 6, 888, Dey and Ghivmdachan, Arch Pharm , 1937, 275, 383) 
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Other methods of synthesismg these bodies were next explored, and atten> 
tion was first directed to their preparation from naphthalene compounds 
having the side chain -C C N C a fair chance of success being anticipated 
from the results obtained in the s 3 mtho 8 es of isoqiimohne derivatives from the 
analogous /1-phenyl ethylamines The simplest starting materials ^tould 
obviously bo the 1, and 2, naphthyl-/9-ethyluminos, derived from the a and /3- 
naphthaldehydes Considering, however, the difficulties of preparing them 
(Meyer, Stieglitz, Fischer and others, Ber , 1922, 55, 1855), it was decided 
to prepare substituted naphthyl ethylamines from other easily obtainable 
naphthalene compounds 

Attempts were first mode to prepare 4, methoxy-naphthyl-/3-othylamine 
by the usual method and the corresponding /3-nnphthyl alanine derivative 
by the method devolope<l by Krlenmeyer and Kreutz (Ann , 1905, 337, 205) 
for the syntheses of ammoacids These miglit lie oyclised to the corresponding 
isoqumohne derivatives as mdicated ui the following scheme — 
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The conversion of a-naphthol into p-hydroxy-naphthaldehyde by the 
Gattermann reaction, and its transformation through the usual steiis to 
4-mothoxy-naphthyl propionamide proceeiled without difficulty, but the corres- 
ponding naphthyl cthylammo could under no circumstances bo prepared by the 
usual Hoffmann reaction Again, on attempting to obtain ^-naphthyl alamne 
by condensing p-methoxj -naphthaldehydo with hippuric acid, it was found that 
although the azlactone was easily formed, the reduction to p-hydroxy-naphthyl 
alamne by phosphorus and hydriodic acid by a method similar to that 
descriliod by Gillespie and Snyder (Adam's Organic Syntheses, 14, 80) was un- 
successful, a small amount of a nitrogen-freo substance which, from analytical 
values, appeared to bo p-hydroxy-naphthyl pyruvic acid, 

/OH 

^CHs CO COOH, 

together with a considerable amount of tar were obtained 

Attention was next turned to the syntheses of ben/o-isoqiimolmes from 
naphthyl othylaniinos with a /3-hydroxyl group in the side chain by following 
the methcxl of Pictet and Gams {Ber , 1910, 4S, 2384) According to these 
authors the formation of such normal l-substitutcd isoqiimolmes from the 
carbinols by loss of two molecules of water, as shown in the stheme given 
below, pioceods much more easily than that of the diliydro-bascs from acyl 
derivatives of j3-phonyl ethylammes — 


CH(OH) 



Experiments u'ere, therefore, started with j8-acotonaphthone, the cychsa- 
tion of N-acet>l-/3-hydroxy-naphthyl-2-ethyl amine being considered to be 
easier on account of the reactivity of the a-carbon atom The course of the 
reactions was planned as follows — 
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(H, 



N OH 



l-nicthyl-7 8.l)onzo- 
iHoquinoIine 


j3-acotonaphthono was convertwl by the niothocl of CJaison and ManiwHce 
{Rer , 1887, 20, fW56 and 2194) to its ai-iso-nitroHO-donvativo, which was thou 
rednoed to <(i-ammo-2, aoetonnphthonc hyilrochlornk acconlinf? to tho method 
of Riipo (B&r , 1896, 28, 264) The salt, on treatment with acetic anhydride 
and excess of concentrated siKlium hydroxiile, gave the N-acetyl denvative 
which was roiluccd to N-acetyl-/5-hydroxy-naphthyl-2-othylamine (Pictet and 
Cams, loc ctt ) This, on treatment with phosphorus pt iitf>xulo in boiling 
xylene or toluene, yielded only yellow non-bawic resins which (ould not be 
purified Tho failure to obtain the iHoqiuuubne by this metlnsl led us to 
repeat carefully the work of Pictet and Maiievitch {Arch Set Phya Nat (4), 
1913, 36, 40) Those workers started from a, aooto-naphthone and syn- 
thesised 1, methyl-6, 6-benzo-isoquinohne on exactly parallel Imes, thus — 


HO-dk NH 



CH3 
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With but a few minor discrepancies in the melting points of the mtermediate 
products, the reactions up to the last stage but one did not present auy 
particular difficulty, but all our oflPorts to prepare the 1, methyl-6 6, benzo- 
iHoqumoline, MP 96°-96‘’, reported by these uorkors, by treating the N- 
acetyl-/3-hydroxy-naphthyl-l-ethylamme with phosphorus pentoxide m boihng 
xylene or toluene ended m failure Only coloured, non-basic oils and certain 
anioimts of the original uncyclised substance i^ere obtained Before amving 
at any definite conclusions on this subject, it was considered necessary to 
try similar experiments with 4-methoxy acetonaphthono The exceedingly 
poor yield of the isonitroso ket-one leil to two alternative methods of preparing 
the <a-amino acetonaphthones (Mannich and Hahn, Ber , 1911, 44, 1642) 
ex{^ined in the following schemes, being tried — 
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(i>) 


/ 


OCH 



N C«] 

\::o^ 


In scheme (a), the staj^es up to the preparation of 4-acotoxy and 4-methoxy> 
w-iodoacetouaphthones proceeded without much difficulty, though the yields 
wera poor, but these gave with hexamethylene tetramine, addition products 
which, unlike those obtained by Mannich and Hahn (2oc e%t ), were insoluble 
in water and gave on treatment with alcoholic HCl, only sticky resins of a 
non-basio character 

In scheme (6), following the method of Gabriel, it was possible to prepare 
4-methoxy-iiaphthacyl phthahmido fiom 4-methoxy-ai-iodoacetoiiaphthone, 
but the p-hydroxy-<o-amino-acetonaphthone hydrobromide obtained by 
hydrolysis of the naphthacyl jihthalimide could not be acetylated 

Due, therefore, either to the very poor yields of the products or to the 
failure of apparently simple reactions, further attempts m these directions had 
to be abandoned It was then proposed to attempt Jihe cychsation of com- 
pounds of the type C10H7 CO CH2 NH COR (whore R is an alkyl or aryl 
radical), when 4-keto-benzo-isoquinoliiie derivatives would be expected to be 
formed, and these could then be reduced to the tetrahydro isoquinohnes, thus — 



Although Perkin, Campbell and Haworth (J Chmi Soe , 1926, 33) had failed 
to effect the cychsation of forrayl-«-arainoacetoveratrone, and attributed 
their failure to the strong inhibiting influence of the carbonyl group m the 
side chain, it was hoped that the method might be applied with sncoess to 
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the pnoiMiTation of benzoisoqumolones, particularly m view of the fact that 
Buck (J Jm Chem Soc , 1930, 52, 3610) was able to accomplish tho synthesis 
m good yield of a 4-keto-i8oqmnolmo from homoveratroyl-oi, amino-acoto- 
vemtroiie according to tho following stheine — 


CO CO 



Tho preparation of N-acyl-o>*amino-acotonaphthonefl necessary for the 
syntheses of benzoisoquinolmcs involves a number of stages starting from the 
naphthyl methyl ketones A simple method for the preparation of mothoxy- 
benzoyl-a>-aminoaceto>naphthono wivs found to consist in the condensation 
of a-iiaphthol methyl ether with hippuryl chloride in tlie presence of an- 
hydious aluminium chlondo Judging from analogy, the benzoyl ammo acetyl 
group should have eiitored tho naphthalene ring in the jiara-position to tho 
methoxyl group as shown below — 


0('H, OCHo 



Attempts to oxidise this compound to |}>methoxy naphthoic acid by the use 
of such agents as dilute mtrio acid, alliahne hydrogen peroxide, potassium 
permanganate m acetone solution, etc , were unsuccessful, but on bmling with 
hydrobroniic acid, the compound was hydrolysed to 4-hydroxy>€ii«aiimio 
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acotonaphthone hydrobromidy whitli waH identified with the aample obtained 
previously from 4-mothoxy naphthaeyl phthalmiide (ji 163) 

Our expectation that 4-koto-lK)ii/oi8oqiunohno8 could Iks prepared by this 
methotl has now been fully realised, l,phonyl-3,4-dihydro-4,keto-7,methoxy- 
5 6-benzoisoquinolme being obtanioil leadily and in n satisfactory yiokl, vhen 
4-mcthoxy-beruoyl-ttj-amino-acotonaphthone was warmed with phosphoiiis 
oxychloride m toluene, thus 



The ixaetion ap|M‘ars, tliorefoiv, to eonstitute .» geiuial mclliod for the s;^n- 
thesoB of 4-keto-isoquinoline8 

We followed up this siurTssfiil ryelisation by stiidving the action of 
phosphoiUH oxychloride in toliKiu. on tlu lAto aiityl to-amino acelonaphthones, 
doiivcd from a- and /3-iiaphthyI mtthyl ketoiw's The closiiiv of the two 
iHomeiic iompounrls to tlie com8|K»iiding iKm/o-jsocpimohnes otcurriKl with 
facility, as expected, accoiding to the schemes given below 



0<'|A||N 


1 -lnethyl-3,4-dIhydro-4,keto- 
5 6,benzoisor|iiinohno 


N 



1 -methyl -3,4-dihydTO-4,koto- 
7 8,beiizo-iBoqmiioljne 


All the three benzoisoqumolones are weak bases They do not dissolve 
easily m acids and can be completely extracted &om acid solutions A number 
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of saltH of each have been preiwred in order to characteriso them m uufficiont 
detail The koto group preaeiit in theae conipoiinds seeniH to be unroactive, 
and it haa not been lound poanble to prepare any of the common deiivativeu 
The compounds have also lesisted so far all attempts at reduction by the usual 
chemical methods. 


ExI'EHIMENTAL 


2,niethoxy-mphlhyl-metkylam%m, 


NH, 



2,melhoxy-mphthaldehyde w as prepared in the usiml way Irom jS-naphthol 
methyl other, zini (yanido, aluminium chloiide and diy HCl 18 gms 
of the aldehyde (rystallising liom ligroin m pale yellow needles, MP 82“, 
were obbimod from 20 gms ot the methyl ether The /temicarbnzme, MP 
213®, and the ojctme, M P 164®-165®, wore obtained in quantitative yields 

2,methoxy-<u,iutro-naphthyl ethylene, pi-oparetl trom the aldehyde, 
mtromethano and methyl alcoholic caustic potash, crystalhsod from glacial 
acetic acid in golden yellow needles, M P 141® 

The reduction of the oxime to the amme was earned out as follows — 

18 gms of 2-methoxy naplitlialdoxime dissolved in 75 c c alcohol 
were treated with 400 gms of 4|% sodium amalgam added in small portions, 
with shaking The solution was kept faintly acidic throughout by penodical 
adrhtions of 60% acetic acid and the temperature was maintained between 
60°-70° by cooling at the tap The excess of alcohol and acetic acid was distilled 
oflF under reduced pressure on a boiling water-bath The distiUato contained 
a steam -volatile, colourless crystaUine solid (4 gms ), M P 72° It was 
identified as /3-naphthol methyl ether by the non-depression, of its melting 
point when admixed with a pure specmieii of /3-naphthul methyl ether 

The aqueous residue was repeatedly extracted with other so as to free it 
from coloured oily non-basic impurities The aqueous solution was cooled 
in ice, strongly basifiod with excess of concentrated caustic soda and extracted 
with ether The ether extract was dned over anhydrous potassium carbonate 
and distilled The residue of 2-methoxy naphthyl methylamme solidified 
to a pale yellow crystalline sohd M P 41 "-42°, after Bintermg at 40° Yield, 
6 gms 

0 0932 gm of the base gave 6 1 o c nitrogen at 31° and 746 mm. pressure 
Found. N = 7 22%; CiaHijON requires N = 7-49% 

The hydrobromuk melted at 246° (deoomp ) 
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The acdyl dertmitve crystalhsed ii-oni dilute alcohol in colourless, silky 
needles M P 172° 

0 1 161 gm gave 0 0664 gm ol HjO and 0 31t)6 gm of CO 2 . ‘tlso 0 1274 gm 
yielded 6 8 c c of mtixigen at 28“ and 749 8 min prossun* 

Found C = 72 96% , H = 6 36%, N = 6 26% 

CuHisOgN requires C = 73 36%, H = 6 63%, N= 6 12% 
The btmoyl denvattve was prejiaiied by adding benzoyl chloride to a 
solution of the base in dry benzene, evaporating the solvent and deconiposmg 
the excess of benzoyl chlonde by standing with (blute caustic soda for a few 
minutes It crystallised from dilute alcohol m colourless needles, M P 166° 
U 1866 gm gave 8 2 c c mtrogen at 29“ and 747 9 mm pressure 
Found N = 4 90%, Ci 9 Hi 70 j|N i-equires N == 4 81% 

The picrate crystalbsed from acetic acid as yellow needles M P 216° (d ) 
6 1026 gm yielded 131 c c nitrogen at 30° and 748 mm pressure 
Found N = 14 12%, Ci 8 Hie 07 N 4 requires N = 14 00% 

2-hydToxy -naphthyl methyl amine 10 gms oi j8-naphthol and 10 gms of 
hexaraethylene tetramine m 40 1 1 glacial acotic and neio heated together 
under reflux at 1(M)“ for one hour The solution whs concent la ted to a small 
bulk by distilhng the majoi portion of the solvent, cooled and the mixture 
ol j9-naphthol aldehyde and 2-hydroxy naphthyl methyl amine hydrochloride 
filtered The hydrochloride w-as separated by oxtrai ting the inixtiiro repeat- 
edly (five times) with a large volume of water at 60° and concentrating the 
extract. On (oohng, the spanngly soluble hydrochloride separated out 
Yield, 6 gms M P 226“-230“ (decomp ) The insoluble residue, weighing 3-4 
gms , was found to be nearly pure /3-naphthol aldehyde The free base was 
obtained as a yellow crystalline solid on triturating the base hydrochloride 
with excess of ammonia or aqueous sodium carbonate MP 136°-138“ 

N -acetyl-2 -hydroxy-naphthyl methyl amine was obtained m a quantitative 
yield by shaking a suspension of the base in water with acetic anhydride for 
a few nunutes It crystalbsed from cbluto alcohol m colourless needles 
MP 160° 

0 0910 gm gave 0 0631 gm of HjO and 0 2420 gm COg. 

Found C = 72 62% , H = 6 47% 

CiaHijOaN requires C = 72 66% , H - 6 07% 

N -acetyl-2, mdhoxy-naphthyl methyl amine was obtained in excellent yield 
by shaking up a solution of N'acetyl'2,hydroxy-naphthyl methyl amine in 
dilute caustic soda with cbmethyl sulphate for a few minutes It or3i8talli8ed 
from dilute alcohol as colourless silky needles melting at 172°, identioal with 
that prepared from 2,methoxy-na{^thyl methyl aimne (see above). 

The N-acetyl-2/icetoxy-naphthyl methyl amine, obtained by shaking the 
hydroxy«base with excess of acetic anhydnde and alkali, crystalbsed from 
alcohol as colourless needles M P 171°>172°. 
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0 1022 j'nvo 0 2020 gm ('Ojj and 0 0542 gm H^O, 0 1862 gm gave 
0 S nitrogen at 20° and 747 9 mm pressure 

Fouml C = 70 17%, H = 6 80%. N = 6 88% 

CifiUioOjN itquiiCB C = 70 04%, H = 6 84%, N = 6 46% 

The N •benzoyl-2, benzoylojry-naphlhyl methyl amine, (rystallised from acetic 
ai id as (oloiirless piisms M P 212” 

0 1262gm of HiibstanTO gave 0 3648 gm CO 2 and 0 0668 gin H 2 O 
Found C = 78 84%, H = 4 99% 

(^asHiaOaN ix quires C = 78 74%, H = 6 (H)% 

ATThMIiaU OYCLI8ATION OF AC’KTVL, 2-Ml'TIIOXY-NAPHTHYI 
MKTHYL AMINE 

(а) By the metlunl of Hmhkr and Napteralsky I gin of tlie acetyl doiiva 
live ol the amino was timted with 6 c c phosplioryl diloiide, wlu'n it Mont 
int4i a < tear solution Tins was heiitod undci reflux on a lioiling watei-bath toi 
one hour with the exclusion of moisture The daik coloutyd solution was 
( ooled and poured on to ci ushed uxi A dark oil sejiamted out whn h gradually 
solidihrd The mixture was allowed to attain the room tomporatiire and then 
lillireil Tlie filtiuto was strongly tooled in ice, basihed Mith excess ol toii- 
(xuitratod alkali and the (‘loar aqueous solution repeatedly extmeted with 
ether llie ether extract, on drying and distilling, left no residue The solid 
pi-otliK t of the reaction obtainetl above was insoluble in dilute at ids and con- 
tained phoH}»honi8 It ctmltl not bo puiifietl further 

The same ix^suit was obtained when toluene was ustxl us a diluent and 
{ihosphoius pontoxide or phosphoius pentachlonde weio substituUnl as the 
tyt lising agents 

(б) By the method of Decker and Becker 1 gm of the amine dissolved 
III 2 e c of methanol was heated with 2 c c of formalin at 60°-70° for 20 minuU's 
when a thick reddish brown oil separated out The supernatant liquid was 
deeanted oft, the residual syrup freed from formahn by washing repeatedly 
with small amtmnts of water, and then treated with 4-6 c c of strong HCl 
The imxture was wanned on the boihng water-bath for 10 to 16 minutes, 
diluted with water and filtered The aqueous solution, on coohng, deposited 
an orange coloured sohd (0 8 gm ) which was found to bo only a neutral product, 
with no definite melting point, and which on prolonged heaimg with concen- 
trated HCl spht off formaldehyde and gave the onginai anune on basification 
and extraction with ether The product was therefore behoved to be the N- 
formyhdene compound, 

OCHs 

C.oH^ 

its polymer 
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The ongiTial aqueoiw aoid filtiate from thw win pound did noi yield any bowc 
product on working up in the usual way The same result was obtained when 
methylal was substituted for foimalin in the above expenment 

Acfton of PCl^ on the dvuxtyl denvaiive of 2-hydroTtj -naphthyl methyl 
amine 1 gm of the substanc* in chloroform was treated with 4 gms of 
PCIb and allowed to stand overnight and then warmed at 70° for an hour 
The mixture was pouied on to crushed ice and the resulting oil kept in contact 
with (Lluteil alcohol when it slowly solidified Crystallisation from alcohol 
gave colourless neetlles M P 182® The substance (untamed (hlonno but no 
nitrogen It was analysed but could not bo invcstigatc'd fuither 

0 880 gm gave 0 2210 gm COg and 0 0342 gm HgO, 0 1426 gm of sub- 
stance gave 0 1187 gm AgCl 

Found C = 68 48% , H = 4 32% , CJ = 20 69% 

Action of PCl^ on the dthemoyl derivative of 2-hydroxy-naphlhyl methyl 
amine A mixture of 1 gm of substance and 1 gin of PC^Is m i hloroform was 
allowed to stand overnight, the chloroform evaporated away at the ordinary 
temperature and the residue treated with ice, when an oil separated out which 
sohdified on treatment with a little alcohol It was ro crystallised from dilute 
alcohol Colourless needles M P 126° The substance, cuntaimng chlonne 
but no mtrogon, appeared to be sinular to the previous compound 

01008 gm of substance gave 0 2077 gm COg and 0 0616 gm HgO. 
0 1292 gm of substance yielded 0 0981 gm of AgCl 
Found C = 66 22%, H = 6 79%, Cl = 12 82% 

OMe 


4,melhuxy-naphihyl methyl amine 

(JHg 

NHg 

4,hydroxy-naphUialde.hyde was prejiarcd by the method of Adams and 
Levine {J Amer Chem Soc , 1923, 45, 2373) 17 gms of colourless needles, 

M P 182°, wore obtained from 20 gms of a*naphtbol 

The methyl ether (Brady and Goldstein, J Chem Soc , 1927, IdO, 1969) 
was obtamed by methylation with methyl sulphate and alkali os an oil, B P 
186°-190°/10 mm in a yield of 70 per cent of theory 

4,methoxy-naphthaldoxime (Schopf and Bayorlo, Ann , 1934, 6J3, 190) 
was readily obtained in a quantitative yield by refluxmg the aldehyde with 
hydroxylamine hydrochlonde and alfcah m alcohohe solution It crystallised 
from benzene as colourless needles, M.P 108°. 

3 6 gms of the oxime, dissolved in 20 o c of alcohol, were treated with 
small portions of 4% sodium amalgam (100 gms ) with shaking. The solution 
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was kept faintly aoidio throughout by penodioal addition of 50% aoetio aoid 
and the temperature of the mixture was maintained between 60®-70* by cooling 
under the tap The excess of alcohol and acetic acid was distilled off under 
reduced pressure over a boiling water-bath The residual aqueous solution 
was repeatedly exhausted with chloroform (120 c o ) with a view to it 
from non-basic impunties The acid solution on working up in the usual way 
did not yield any basic product Evaporation of the chloroform extract after 
drying over calcium chloride, however, yielded 2 6 gms of a crystallme solid, 
which was found to bo the acetate of the base It was recrystalhsed from 
chloroform as colourless rods M P 100** 

0 1396 gm (dned at 100**) yielded 7 4 o c nitrogen at 29“ and 746 mm. 
pressure. 

Found N s= 6‘89% , Ci^Hi^OjN requires N 6 67% 

The 4~rnMhoxy-rMphlhyl meihyl amtne was obtamod as a thick oil by 
basifying the acetate 

The hydrochloride crystallised from water as long, colourless needles, 
M P. 216“ (docomp ) 

0 1823 gm (dned at 100°) yielded 0 1180 gm of AgCl 
Found Cl = 16 01%, CiaHuONCl requires O = 16 86% 

The acetyl denvaitve crystalhsed from alcohol as colourless plates 
MP 136“ 

0 01740 gm gave 0*04669 gm CO^ and 0 00996 gm. HgO 
0 1310 gm yielded 7 3 o o mtrogon at 29“ and 745 mm pressure 
Found C = 73 03% , H = 6 36% , N » 6 20% 

CuHwOaN requires C = 73 36%, H = 6 63%, N = 6 12% 

The picraie crystalhsed from glacial acetic acid as golden yellow rods 
M P 240“-243“ (decomp ) 

Attempted cycheatum of aoetyl-d^methoxy-naphthyl methyl amtne 1 gm 
of the acetyl denvative m 4 o c toluene was gently refluxed with 3 c o phos- 
phoryl chlonde on the sand-bath for an hour, with the exclusion of moisture 
The dark red solution was cooled, poured on to crushed ice, allowed to come 
to the room temperature with stirring and exhausted with chloroform so as to 
free it from non-basic impunties. The aqueous acid solution, on workmg up 
in the usual way, yielded a reddish brown, non-basio ream which could not be 
purified. 

OMe 


3B 



4,methoxy-naphthyl’<i, methyl meihyl anwne 
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4,methoxy-acet(maphth<me This ketone haa been formerly prepared by 
Gattermaim, Erhardt and Maiscb {Ber , 1890, 23, 1208) by the action of acetyl 
chlonde on a, naphthyl methyl other m the presence of anhydrous aluminium 
chlonde Later, Schneider and Kuhn (Ber , 1021, 54, 2305) prepared the 



ketone in a better yield by using a sulphuric acid-acetic anhydnde mixture 
The following method is found to give a better yield and a purer profluct 

A mixture of 40 gms of a-naphthyl methyl ether (Witt and Schneider, 
Ber , 1901, 34, 3173) m 100 o c carbon-disulphido and 40 gms of anhydrous 
alummium chloride was treated m the course of an hour with 40 c c acetic 
anhydnde (1 6 mols ) added little by little with shakmg and with the exclusion 
of moisture The mixture was gently refluxed on the water-bath for throe hours 
and allowed to stand overnight The mixture was then poured on to crushed 
loe, acidified with a large excess of concentrated HCl, so as to dissolve the 
precipitated alummium hydroxide and repeatedly extracted with ether The 
ether extract was washed with dilute caustic soda followed by water several 
tunes, the ether dnven off and the residue then distilled under ordinary pressure 
The portion boiling between 300”-360* crystallised on cooling The j?-metboxy 
aoetonaphthone, which was contanunated with small amounts of a-naphthol 
methyl ether, was obtained pure after washing with a little petroleum ether 
MP er-10^ Yield, 22 gms 

4-mdhoxy (UXtoTutphihone oxime (Schneider and Kuhn, Uk cut) 5 gms of 
the ketone, 1 8 gms hydroxylammo hydrochloride (1 26 mols ) and 3 gms 
banum carbonate were heated together m 60 c o alcohol under reflux on the 
water-bath for five hours The mixture was filtered hot and the BaCOj washed 
twice with small amounts of hot alcohol The alcohohe solution was concen- 
trated to a fourth of its volume and diluted with 6 c o water, when the oxime 
crystallised out as colourless needles M F. 122°-123°, after smtenng at 120° 
Yield, 4 9 gms. 

4-methoxy-napMhyl-cit-methyl methyl amine 4 8 gms of p-methoxy aoeto- 
naphthone oxime dissolved m 30 o o. alcohol wore treated with 160 gms of 
4% sodium amalgam, added little by httle with shaking The reaction mixture 
was kept famtly acidic throughout by periodical addition of 60% acetic acid 
The temperature was maintained between 60°-70“, by cooling under the tap 
whenever necessary. The mixture was tapped off from the mercury, filtered 
and the excess o£ ^oohol and acetic acid removed by distillin g under reduced 
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proSHure over a boiling water-bath The aquo<»UH solution was eoolcx], basified 
strongly and repeatedly extracted with chloroform The chloroform extract 
was then exhausted with dilute a<«tic at id The acid extract on treatment 
with an excess of concentrated HCl deposited the sparmgly soluble hydro- 
chloride It was rocrystallised from boiling watei Colourless, hexagonal 
plates M P 270° Yield, 3 gms 

The free base was obtained as a thick pale yellow oil by treatment of the 
hydroohlonde with alkali 

0 1082 gm of the oil gave 6 8 c c nitrogen at 31° and 746 1 mm pi-ossure 
Found N =s: 6 90%, Ci3H250N requires N 6 96% 

0 2440 gm of the hydroohlonde gave 0 1479 gm of AgCI 
Found Cl = 16 00%, (Ji3Ki50NCl roquiros Cl = 14 93% 

Thfi acetyl denvattve crystallised from dilute alcohol as lolouiless, silky 
needles M P 174° 

0 01224 gm gave 0 03427 gm CO^ and 0 00732 gm U2O 01142 gm 
yielded 6 0 c c nitrogen at 30° and 748 mm piessuro 
Found C = 74 60% , H * 6 63% , N = 6 73% 

C1BH17O2N requires C = 7408%, H = 6 99%, N = 6 76% 

7’Ae benzoyl derimttm crystallised irom a mixture of methanol and acetic 
acid as colourless, silky needles M P. 198° 

0 0962 gm gave 3 9 c c nitrogen at 30° and 748 mm pressure 
Found N ss 4-64% 

C20H19O2N reqmres JS » 4 69% 

The pwraie crystallised from glacial acetic acid as golden yellow prismatic 
needles MP 266° (d ). 

Attempted cycltsaium of acetyl, 4-viethoxy-naphthyl-a-melhyl methyl amine. 
1 gm of the acetyl derivative was heated with 6 c c POCla on the boihng 
water- bath foi two hours, with the exclusion of moisture The whole of the 
amide went into solution The solution was cooled and poured on to crushed 
ice, when there was a large separation ol a dark green resmous product insoluble 
m dilute acid solution The raixture was extracted with chloroform so as to 
free it from this non -basic impunty The residual dark green resm obtained 
from the chloroform extract could not bo purified The aqueous solution on 
workuig up in the usual way did not yield any basic product. 

The use of toluene as a diluent m the above reaction also led to the same 
result 

Attempted eynthesis of aubsMuled naphthyl-^-methyUaminea from oL-naphthol- 
4, aldehyde. 

ifCarbethojey-naphihaUtehyde 1 gm of 4-liydroxy-iiaphthaldehyde dissolved 
m dilute NaOH (IM) was treated m the cold with 1 c c ethyl chloroformic 
ester and shaken for about 20 mmutes, when a dark brown oil resulted This 
on treatment with methanol and rubbing sohdified to a brown rniuiw which 
crystallised from alcohol as colourless needles M P 89“ Yield 0'7 gm 
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0 01482 gm gave 0 03806 gm CO 2 and 0 00680 gm HgO 
Found C = 70 03%, H = 610%, CuHigO* requires C = 68 86%. 
H = 4 92% 

Attempts to prepare 4-ui,rl)othoxy naphthyl aerylie acid by heating the 
aldehyde and inalomc ai id with pyi idino ami piperidine in the usual manner 
were unsuciieHaful The product was found to bo the p-hydraxy-napbthal- 
(lehydo M P 182“ 

A similar failure was met with on attempting to pnqiaro tho nitrostyrene 
derivative by condensation with nitromethane under tho usual conditions 

4-methoxy-Ttaphthyl acryhc acid This ac id has been foimerly obtained by 
Rousset {BvU Soc Ohxm , 1904, 17, 307) m 20% yield by heating 4-n)ethoxy 
na]ihihaldehyde with acetn anhydride and sikIiuui acetate at 180“ for 36 
houi-s The following method is smiplei and gives .1 neaily quantitative 
yield of tho acid 

9 gins of tho inothoxy iiaphthaldehydo, 9 8 gms dry nialonu acid 
(1 6 luols ), 8 3 c c pyiulino (I 6 mols ) and 4 drops of pipondino were heated 
together under reflux on the boding watoi-bath for an hour, followed by 
gentlo boiling for 16 minutes over a naked flame The mixture was cooleil 
and pounwl into excess of ice-cold dilute hydrochloiic acid Tlie sejiarated 
solid was filtered, dried on tho plate and cryHtallisod from toluene Colourless 
needles, M P 216“-217“ Yield, 8 6 gms 

4-mdhoxy naphthyl propumte acid This has boon prepared previously 
by Wmdaus {Ber , 1917, 60, 1120) and by Ruhemanii and Ijovy (»6wi! , 1920, 
56S, 266) by catalytic hydrogenation of the acrylic aciil 

8 6 gms of the acryhc acid was reduced by 200 gms of 3% sodium amalgam 
m neutral or faintly alkabne solution at tho room temperature The alkabne 
solution was filtered, cooled and acidified with concjontrated HCl ami the pre- 
cipitated propionic acid iTystalhsed from dilute alcohol Colourless needles, 
M P 163“-166“ Yield, 7 6 gms 

4-meihoxy naphthyl pro]^onam%de A current of dry aramoma gas was 
passed through 7 2 gms. of tho molten acid heated m an oil-bath at 166®-170“ 
for 6-6 hours The red oily residue was dissolved m 26 c c of a saturated 
solution of sodium bicarbonate, when an oil separated out This solidified 
slowly on treatment with a httle alcohol and nibbing with a rod The alkahne 
OCHa 


CHa CHa CO NH* 

mother-hquor on concentration on the water-bath gave some more of the amide. 
The amide crystallised from dilute alcohol as colourless needles, MP. 113“ 
Yield, 2 0 gms. Weight of recovered acid from the bicarbonate solution, 
1 8 gm 
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0*1044 gm gave 10 8 o o. nitrogen at 31^ and 743 3 mm pressure. 

Found N = 6 10%, C14H15OSN reqmres N = 6 11% 

Several attempts were made to prepare 4-mothoxy naphthyl ethylamme 
from the propionamide by the Hofimann reaction but they were aU unsuccessful, 
only non-basio resinous matter being obtamed 

Exfebimbkts towabds the Syktbssis of a j8-kaphthtl alakike 
Azlactone of ct-benzoyhmtno-p-methoxy-napfUhyl acrylic acid 10 gms 
of 4-methoxy naphthaldehyde, 6 gms of dry hippunc acid (1 2 mols ), 2 7 gms 
freshly fused sodium acetate (1 2 mols ) and 8 c c pure acetic anhydride 
(3 mols ) were slowly heated together on the oil-bath at 110® The mixture 


OMo 



sbghtly hquefied at first and then solidified to an orange>red crystalline mass 
After continuing the heating for another 2 hours, 26 0 c alcohol were added, 
the mass broken up, filtered and washed with 16 c c alcohol (3 lots) followed 
by 10 c c of boiling water The crystalline azlactone was obtamed m a high 
state of punty Bocrystallisation from ligroin gave orange-red needles, M P 
188®. Yield, 7*6 gms 

0*1333 gm. gave 6 3 c c nitrogen at 32® and 740 mm 
Found N = 4 27%, CjiHijOsN requires N = 4 22% 

AUempted preparation of p’4-hydroxy-naphthyl alanine (Gillespie and 
Snyder, Adam’s Orgamo Synthesis, 14, 80) 

A mixture of 3 gms of the azlactone, 3 gms of red phosphorus and 16 0 c 
acetic anhydride was treated with 26 0 c of 60% hydnodic acid, during the 
course of half an hour with good shakmg The mixture was refluxed for four 
hours, cooled, filtered and the phosphorus washed twice with small quantities 
of euietic acid The filtrate was evaporated on the water-bath under reduced 
pressure, 20 c 0 of water added and the solution evaporated agam to dryness. 
The residue was extracted with small amounts of boiling water The filtrate, 
on ooohng, yielded colourless plate-shaped crystals of an acid which oontamed 
no mtrogen M P. 122® Yield, 0*2 gm The msoluble tarry residue gave no 
evidence of the presence of the expected d{-j8-4-hydroxy-naphthyl alanme. 
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The aoid, on analysis, appeared to be the 4 ,hydroxy-naphthyl-p 3 rruvio 
aoid. 

(>•01258 gm gave 0 03019 gm CO 2 and 0 000607 gm HjO 
Found- C = 66 46%, H = 4 48% 

Ci 8 Hio 04 JHaO requires C = 66 27%, H = 4 60% 

d-henzoyl amxno-p-methoxy napJUhyl acrylxc acud 
6 gms of the azlactono suspended m 1,0(X) co water was stirred me- 
chanically on the boiling water-bath and treated with 1 gm. of NaOH in 10 o c 



of water The mixture was heated with stimng for 4-6 hours and filtered 
hot from a considerable amount of the unchanged azlaotone, cooled, acidified 
with dilute HCl and filtered The acrylic acid crystallised from glacial 
acetic acid as pale yellow prismatic needles MP 230° Yield, 8 gms 
Weight of recovered azlactone, 2 6 gms 

0 01766 gm. gave 0 04687 gm CO 2 and 0 00701 gm HgO 
Found C = 72 80%. H = 72 63%; H = 4 90% 

C 11 H 17 O 4 N reqmres C = 72 63%, H = 4 90% 

a-benzoylamtno-p-ineihoxy-rMphihyl proptontc acid 
2 gms of the acid suspended in 100 c c water in a separating funnel was 
treated with dilute caustic soda till just dissolved, and 76 gms of 3% sodium 

OCHj 



amalgam were added httle by httle with BhakiDg in the course of about an 
hour. The reaction-mixture was maintamed fiuntl^ alkaline or neutral by 
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adding xionodically Hmall amounts of dilute aootic acid The aqueoiis solu- 
tion was filtered and acidified with dilute HCl, when an oil separated which 
soon solidified The mixture was allowed to stand overnight and filteretl 
and the retluceil acid crystallised from toluene Small wliite iu*cdlcH M P 
100°-16K° Yield, 0 21 gm 

0 01262 gm gave 0 03306 gm COj and 0 00631 gm HoO 
Found C = 7201%.H = 66% 

C21H19O4N requires C = 72 21%, H = 6 45% 

Synthesis of N-ACETYL-j9-HYDROXY-NAPHTHYL-2-ETHYLAMlNE AND 
ATTEMlTED OYCUSATION OF THE SAME 

fsmiiroiin-2~ac('Umaphthone A mixture ol 2 7 gms of soilium dissolved 
in 60 cc ahsolnte alcohol and 16 gms of j8-acetonaphthoiio stiongly cooled 
in a freezing mixture was treated with 16 2 ( c of freshly prejuired amyl nitiite 
(1 26 mols ) added drop by drop with gooil shaking in the course of an hour 
aiul a half The mixture was tightly up and alloweil to stand at 0“ 

for three days The orange-red sodium salt of the oi-isonitroso ketone was 
filtered and repeatedly washed with absolute alcohol and ether The aqueous 
solution of the sodium salt was filtered, cooletl and aeidifiwl with excess of 
dilute acetic acid The yield of the isonitroso ketone was 8 6 gms or 60% of 
theory (M P 90°-91 ®) It was crystallised from alcohol Pale yellow needles, 
M P 93‘’-94‘’ 

0 2240 gm gave 14 7 c c nitrogen at 30*6“ and 746 7 mm pressure 
Found N = 7 22%, CigHjOgN requires N = 7 04% 
<a-amino-2-acetonaphthone hydrochloride A mixture of 30 gms of an- 
hydrous stannous chloride and 100 c c absolute alcohol was saturated with dry 
H(3 gas at —6°, a solution of 8 6 gms of isonitroso acetonaphthone in 30 c c 
absolute alcohol nrldml in tliree instalmente, and the solution saturated again 


NHg.HCl 



with HCl gas at —6® The mixture was allowed to attam room temperature 
and stand overnight The white crystallme tm double compound was filtered, 
washed with a little alcohol, dissolved in hot water (a^ut 160 co) and 
decomposed twice with sulphuretted hydrogen The colourless aqueous 
filtrate was oonoentrated to a small bulk on the water-bath and finally eva* 
poratod to dryness ui a vacuum over sulphuric acid The residue of hydro- 
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chloride was recrystallwed twice from alcohol Ooloiirloss plates, M P 220^ 
(decomp ). Yield, 4 6 gms or 49% of theoiy 
0 2166 gm gave 0 1447 gm of AgCl 
Found. Cl = 16 60% 

C 12 H 18 ONCI requires Cl = 16 01% 

The pxerate crystallised from glacial acietic acid as golden yelloB prismatic 
needles M P 189“ (decorap ) 

Acetf/l-tu-amtno-2-aceUmapkthone 4 6 gms of tlio hydrochloride, dissolved 
in water, wore tivatod with 6 c c acetic anhydride and excess of concentrated 



NaOH Much heat was evolved and tho crystalline acetyl compound 
separated out in the course of about 16 minutes Jlecrystallisation fiom 
alcohol gave colourless needles M P 132“.133“ Yield, 4 6 gms 

0*01470 gm gave 0 04010 gm COj and 0 00790 gm H2O,0]482gm gave 
8 4 c c nitrogen at 30 6“ and 746*7 mm pressure 
Found: C = 74 4%; H = 6 01%, N = 6 26% 

CiiHiaOaN requires C « 74 0%, H * 6 73%, N = 6*17% 
N-acetyl-P-hydroxy naphthyU2-ethylamtne 4 6 gms of the above amide 
(IissoIvckI m 40 c* c absolute alcohol was treated with small {lortions of 3% 
sodium amalgam (about 3 mols ) with good shaking Acetic acid was added 



from time to time to keep the medium faintly acidic and the temperature 
mamtained between 50“-60“ by coolmg now and then under the tap The 
aloohol-aoetio acid solution was concentrated to about 16 0 0 and diluted 
with 100 0 0 . water and the separated carbmol filtered after an hour. Two 
orystallisations from benzene gave thm hauy crystals M P. 96“. Yield, 3 4 
gms., or 70% of theory. 
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0-01617 gm gave 0-04260 gm CO^ and 0-00908 gm HgO 
Found C = 73 69%, H « 6 42% 

Cx^HibOjN requires C = 73 40%, H « 6 66% 

Pterate of ^-hydroxy-mpUhyl-2-ethylam%ne Acetyl-hydroxy-naphthyl 
ethylamine was boiled with dilute HCl (4N) for a few minutes, the solution 
filtered and treated with dilute alkali till faintly acidic and then treated with a 
slight excess of saturated piorie acid solution The precipitated piorate 
crystallised from absolute alcohol as stout yellow prisms, decomposmg suddenly 
at 334° with a feeble explosion 

Attempted cydtsaium of acetyl-p-hydroxy-naphthyl-2~ethylamvne 1 gm 
of acetyl /3-hydroxy-naphthyl othylammo was dissolved in 16 c o dry xylene 
by warming and the solution added to a fiask containing 6 gms of phosphorus 
pentoxide The mixture was gently boiled m an oil-batb for about 16 minutes 
when a semi-sohd, dark yellow mass appeared at the bottom of the flask 
The heating was oontmued for another quarter of an hour and the supernatant 
liquid decanted off while it was still warm The residue was treated with 
orushed ice and the mixture allowed to attain the room temperature slowly 
with stirring There was a good separation of a yellowish non-basio resmous 
product which could not be purified, while the aqueous acid filtrate gave no 
trace of any basic material when worked up in the usual manner 

The reaction was repeated under different conditions using toluene as a 
solvent and also phosphorus pentachloride in cliloroform with virtually the 
same result 

PrBPAEATION op N-AOBTYL-/3-HYDBOXY-NAPHTHYL-l-BTHYIiAMINB AND AT- 
TEMPTED OYCLI8ATION TO l-HBTHYL-5 6-BENEOI80QUINOIJNK, BEPOBTED 

BY PiOTET AND Manevitoh {Arch Set Phya Nat (4), 1913, 36, 40) 
io-amtno-a-aceUmapMhone hydrochiortde A mixture of 6 8 gms of sodium 
(1 26 mols ) dissolved in 150 c c absolute methanol and 40 gms of a-naphthyl 
methyl ketone strongly cooled in a freezing mixture was treated with 32 4 o o 
freshly prepared amyl nitrite (1 mol ) added drop by drop with good shaking, in 
the course of two hours The mixture was tightly corked up and allowed to 
stand at 0° for three days As the separation of the orange-red sodium salt was 

very small the isonitroso ketone was not isolated Instead, the solution was 
added drop by drop to a strongly cooled solution of 50 gms of SnCl 2 in 100 c c 
absolute methanol saturated with HCl gas The mixture was again saturated 
with HCl at 0° and allowed to stand overnight The tm double compound 
was filtered and washed with alcohol, followed by water It was then 
suspended in 400 o o hot water containing HCl and repeatedly decomposed 
with HgS The hot aqueous filtrate on shght concentration soon deposited 
almost the whole of the spani^ly soluble hydrochloride as crystalB It was 
obtained pure by one crystallisation from boiling water MP 268°-260“ 
(Pictet and Manevitoh gave M.P 246°-260° ) Yield, 9-6 gms. 
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Acetyl-<a-cmino-l’ncetorutphth<me A smpenRion of 6 gms of the powdered 
hydrochloride in 40 o o water and 6 c c acetic anhydride was strongly cooled 
in loe and shaken with excess of concentrated caustic soda, added gradually 
The orystalhne acetyl derivative soon separated out It was iccrystallised 
jfrom dilute alcohol as colourless noodles, M P 102“ Yield, 4 8 gms 

N’OcetyUp-hydroxy-naphihyl-l-ethylatnine 3 6 gms of the above amide 
dissolved m 30 c c of absolute methanol was treated with small portions of 
60 gms of 3% sodium amalgam and the mixture worked up in the usual way 
Two crystallisations from toluene gave colourless plates, MP 160"-161“ 
(Pictet and Manevitch give M P 146“-146“ ) Yield, 1 4 gms 

Attempted cyclteoiton of (U^etyl-P-hydroxy-naphihyl-l-eihylamirie 0 7 gm 
of the above carbmol dissolved m 12 o c warm, dry xyleno was added to a 
flask oontaimng 3 4 gms of P2O5 The mixture was gently refluxed in an oil- 
bath for 20 minutes with the exclusion of moisture The warm supernatant 
liquid was decanted off and the residue treated with crushed ice and the 
mixture slowly allowed to come to the room temperature with stirring As 
observed by Pictet and Manevitch, a clear solution did not result, but there 
remained always a certain quantity of undissolved resinous material This 
was separated by repeated extractions with chloroform m which it dissolved 
and from which it was recovered by evaporation On examination it proved 
to be nombasic The clear aqueous a< id solution was strongly cooled, basified 
with excess of concentrated NaOH and repeatedly extracted with chloroform 
The chloroform extract was dried over K^COj and distilled 0 16 gm of a 
crystallme sohd, MP 148“-160“, was loft behmd This, on crystallisation 
from toluene, melted at 160“-161“, and did not lower the melting pomt or the 
original unoyclised carbmol 

Repetition of the experiment under other conditions led to the same 
result 


ExPBBIMENTS TOWAEDS the PBEPARATION of a substituted a>-AMINO< 
ACETONAPHTHONE STABTING FROM a-NAPHTHOL 

x-iiaphthd methyl ether was prepared from a-naphthol by the method of 
Witt and Schneider {Ber , 1904, 34, 3173) 40 gms of the ether, B P 264“, 

were obtamed from 60 gms of naphthol 

4-methoxy acetonaphthone was prepared by the method described before 
(P 153) 

d-meihoxy-isemttroso'-axxtoiwphthone (Madinaveitia, BuU 80 c Chtm , 1919, 
26, 601) was prepared as usual from a mixture of 4 6 gms sodium m 100 c c 
alcohol, 22 gms finely powdered p-mothoxy acetonaphthone and 18 0 c freshly 
prepared amyl mtnte (1*26 mols ) 

Yield of the crude product, 3-6 gms Weight of unreacted ketone recovered, 
6 gms The isomtroso ketone crystallised from alcohol as greenish yellow 
needles, M.P. 161°. 
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Preparation of 4-hydroxif-o)~chloraceUmaphthone (Houben, Ber , 1926, 59, 
2876) A mixture of 10 gms of a-naphthol, 5 8 gms clUoracetonitrile (1 mol ) 
in 25 c c anhydrous ethoi and 10 gms anhydrous srinc chloride was saturated 
with dry H Cl gas at 0°, with the oxoliision ol moisture Tho kotimine hydio- 
( hlonde separated out as a greenish yellow solid in about half an hour The 
suixirnatant liquid was dec antctl off and the losidue washed twice with small 
amounts of dry ether The solid was diSMilvod in 100 c c warm water, heated 
to boiling and allowed to stand for an hour Tho seiwiratiHl 4-hydroxy-a)- 
( hlorncetonaphthono was crystallistsl from .ileohol White, silky needles 
M P 184“ Yield, 7 6 gms 

4-acetoxy-u}-chloracetf)naphthone was proparwl by boiling tho hydioxy 
(omjxuind with acetu anhydiide and a ilrop of pyiidino, till dissolved, and 
poniing the solution into exitess of watoi Tlio oil, whiili sepirated out, soon 
solidified It (rystallistsl liom .ileohol as eolouihws hexngonul plates MP 
118“ 

0 2166 gm of substance gave 0 2128 gm AgCl 
Found Cl = 1.3 66%, C,4Hii()3Cl leqinres Cl = 13 61% 
4-hydrory-to-iodoaceionaphth(me 4 gms of 4-hydroxy-(o-(hloracetonaph- 
thono dissolved in acetone was treated with a solution of 3 gms Nal 
in acetone and the mixture allowed to stand overnight and poured into excess 
of loe water, when a thick oil sepaiatcnl out Tho supernatant aqueous layer 
was poured off and the residual oil treated with hgroin After nibbing with a 
«k 1, it solKlifiod to a pale yellow solid, which was filtered and washwl well with 
hgroin It crystallised from toluene as pale yellow prismatic needles 
0 1376 em of substance gave 0 1048 gm Agl 
Fouiul 1 = 41 00% , Ci2H902l requires I = 40 70% 
4-acetoxy~w-todoaoeionaphthone was prepared similarly from 4,uc!etoxy-a»- 
chloroacetonaphthoiie It crystalhsod from alcohol as pale yellow jilates 
M P 73“ Yield, quantitative 

U’1076 gra of substance gave 0*1022 gm of Agl. 

Found I = 36 99% ; C14H11O2I roqmres I = 36 86% 

Addition compound of 4-aeetoxy-to-%odoaeetonaphlhtme and urotropino A 
solution of 6 gms of 4*acetoxy<(i)-iodoaoetonaphthone m dry chloroform was 
treated with a solution of 2 gms of urotropine m chloroform and the mixture 
allowed to stand at the room temperature for three days Tho separated yellow 
orystallme solid was filtered, washed with chloroform and dried M P 169*- 
170“ Yield, 3 6 gms The product was insoluble even in boiling water 
0 1422 gm of the substance gave 14*9 c 0 nitrogen at 31“ and 742 mm. 
pressure 

Found N = 11 61% , C20H28O8N requires N « 11 33% 

Attempts to prepare 4-hydroxy-at-aminoacetonaphthone from the above 
were unsuccessful 
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4-T»ethoxy-w-chlorac^mnj>hih(m‘ Tins Iihk obttiinod by Madina- 
veitia and Puyal {Anoka Hoc espan fia gum ,1919, 17, 126) by tho action of 
Cl CH2 CO Cl on a-naphthy] methvl othci and roijortcd to melt at 70° 
It IS now found to bo more convenient to prepaio the ketone by tho Hoescb 
reaction 

A mixture ot 10 gma ol a-nuphtbyl methyl other, 6 gnw of chloraeetonitrUe 
in 30 c c anhydrous ether and 10 gins of anljydrous AICI3 v^tui aaturateii with 
diy HCl gas at 0° The kotinune hydiDchlontle soiHiiatcd as a thick od which 
slowly solidiflod after u number ol hours The reaction mixture was allowed 
to stand overnight, the ether poureil oil and the residual solid washed twice 
with ether It was then detomposed by lioibng with 100 t c watei for a few 
minutes when a brownish oil so^iarated out The aqueous layer W'as decanted 
off and tho oil allowed to stand in tho cold with excess oi pctioleum ethei and 
nibbed Tho mothoxy-chloiacetoiiaphtbono solidibcHl to a yellow solid and 
crystallised from alcohol ui colourless nc‘C‘dloH M P 76‘ Yield, 7 gms 
0 1320 gm of substance gave 0 0822 gm of AgCl 
Found Cl = 16 39%, CiaHnO^Cl requires Cl = 16 12% 
i-methoxy-w-todoaoetoiutphihone, propaiod m tho usual way, ciystallised 
fiom alcohol as pale yellow prismatic needles MP 71°-73° 

0 1242 gm of substance gave 0 0898 gm oi Agl 
Pound I = 38 22% , CisUiAl requims I = 38 90% 

No puin pioducts could be obtauied from tho above by the usual method 
of reaction with uiotropine, and our plan to prepam the 4-mothoxy •co-anuno- 
dCHatonaphthono in this way had therefore to bo given up 

4-nuthoxy-naphihacyl phthalimuie 


0(;H3 



2 6 gms ot 4-mcthoxy-ta-icKloacotonaphthono and 2 gms of potassium 
phthaliimde (M mol ) in 16 c c alcohol were heated together lor three hours 
imder reflux, cooled in ico and treated with 6 c o water to dissolve the KI 
The prcxiuct was filtered, washed with alcohol and water and crystallised 
from acetic acid White prismatic needles M P 216° Yield, 1*9 gms 

0 1820 gt» of substance gave 0 b c c nitrogen at 31° and 730*3 mm 
pressure 

Found* N = 3*06%, C2iHifi04N requires N » 4*07% 
4’hydroxy-w-4m%noa4xUmaphthom hydrobromtde 1*2 gms of ;P'metlioxy 
naphthaoyl phthaliimde were dissolved in boiling glacial acetic acid, 16 e c of 
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ooncontrated hydrobromic acid added and the nuxture heated under reflux 
for 4-6 hours with the exclusion ot moisture It was then poured mto 40 o o 
water, filtered from the separated phthalic acid and the filtrate evaporated to 
dryness on the water-bath The residue of impure hydrobromtde of the base 
was crystallised twice from dilute hydrobromic acid Colourless needles 
M P 268“-270‘’ (deoomp ) 

0 1164 gm gave 4 8 c o mtrogen at 30 5° and 742 mm pressure; also 
0*1500 gm gave 0*0983 gm AgBr 
Pound. N «4 67%, Br = 27 90% 

CHHisOjNBr requires N « 4*96%, Br « 28*34% 

The ptcrate crystallised from water as yellow needles M P 186°-187® 
(deoomp ). 

0 0680 gm gave 8 2 c c mtrogen at 31® and 741 mm pressure 
Found N = 13 20% , Ci 8 Hi 409 N 4 requires N = 13 03% 

Synthesis of l-PHBNYL-3,4,DiHyDRO-4-KKTO-7-iiETHOXY- 
6 O-BEN/O-ISOQUINOLINB 
Benzoyl-w-amtno-4-methoxy-aceiomphth(me 


OCHj 



A mixture of a-naphthol methyl other (10 gms ), carbon disulphide (40 o o ), 
and anhydrous aluminium chlonde (10 gms ) was treated little by little with 
hippuryl chlonde (12 6 gms ) prepared by the method of Fischer {JBer , 1906, 
38, 612), and the mixture vigorously shaken with the complete exclusion 
of moisture It was then gently refluxed on the water bath for two houre and 
allowed to stand ovormght. The supernatant layer of carbon disulphide was 
poured off", the residue washed once with 26 o c petroleum ether and the sohd 
product thrown into crushed ice and acidified with an excess of concentrated 
HCl The separated sohd was filtered, washed with dilute alkali and then with 
water several times, and finally crystallised firom a mixture of alcohol and 
chloroform Long, colourless needles M P 161® Yield, 7 6 gms 4*6 gms 
of a-naphthol-mothyl ether were recovered firom the carbon disulphide and 
petroleum other extracts 

0 01482 gm gave 0 04076 gm CO* and 0*00747 gm 11*0, 0*1464 gm 
gave 6*2 c o mtrogen at 32® and 739 mm. pressure 
Found C « 74*99®/o, H « 6 60«/o; N « 4*61 ®/o. 

C*oH„OsN Requires C - 76*23%, H = 6*33®/o, N « 4 39®/o 
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Attempts to oxidise the product to 4,mothoxy-naphthoic acid were 
unsuccessful 


N-bemoyl-P-hydroxy-{4-melhoxy-naphthyl-l)-ethyl amtne 
OCH. 


03 , 

(OH)Hci )nH 


-<z> 


0 6 gm of 4-methoxy-benzoyl-<i)-aminoacetonaphthone and a solution of 
0 76 gm of sodium dissolvod m 10 c c absolute methanol were boiled togetlier 
with 1 gm of zinc dust for 3-4 hours on the water-bath The aloohohc solution 
was filtered hot and diluted with excess of water The oarbmol which 
separattnl out as yellow fiuoks was dried and crystaUised twice from a 
mixture of benzene and ligroin Wluto leaflets M P 217°-219“ (decomp ) 

0 01612 gm gave 0 04160 gm CO* and 0 00844 gm H*0 
Found C = 76-01%, H - 6-20% 

CjoHigOsN requires C = 74 76%, H = 6 92% 

Attempted oxidatton of 4-methoxyd)e7Uoyl-ci-am%noacet07Mphthone to 4- 
metkoxy-naphihotc acid 0-6 gm substance suspended m 10 o o dilute NaOH 
(IN) was treated with 10 o o of ‘Perhydrol’ and allowed to stand overnight 
The origmal compound was recovered completely by filtration 

Warming the substance with dilute HNO* resulted in resinifioation and 
hence no pure product could be isolated 

1 gm of substance was treated with KMnO* m acetone drop by drop till 
there was a permanent pink colour on leavmg for some time The solution was 
filtered and evaporated to dryness, the solid washed with water and crystallised 
from alcohol M P 161° This was only the origmal substance 

Hydroiyaxs of 4-methoxy-benzoyUai-amtn<xiC€tonaphthone to 4-hydroxy-o)’ 
amino^acetonapMhone hydrdbromide The benzoyl -anunoacetonaphthone (1 
gm ) dissolved m boilmg acetic acid was treated with 10 o o concentrated 
hydrobromic acid and the mixture heated under reflux for 4-6 hours It was 
t^n poured mto 30 o c water, filtered and the solution concentrated when 
benzoic acid separated out The filtrate was evaporated to dryness on the 
water bath and the residual sohd crystallised from dilute hydrobronuo acid. 
Colourless needles. M P 268°-270® (decomp ) This was i^ntioal with the 
sample obtained by hydrolysis of 4-methoxy naphthaoyl phthalunide, there 
being no lowering ^ melting pomt on admixture. The piorates derived from 
the two samples were also found to be identical. (M.P. 186°-187°.) 
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l‘phenyl-fi,4‘dihy(lro-4-lcetv-7-melk()jry‘t5 6-benzutm)qutwjlme 



1 gm of 4-moihoxy-UuizoyUaminoaoeioiiaphthoiio and 2 ( < pliosphorus 
oxychloride in 5 c o toluene Mere heated together under reflux foi an hoiu on 
the sand-bath, moisture being excluded with a laliium ehlonde tube The 
slightly coloui-ed solution was poured on to erushod iw, when a greyish 
yellow solid separated out The mixture was allowed to attam the room tem- 
perature and the solid material filtered, w'flshefl with water and then with 
petroleum and dried on the plate It crystallised from alcohol as colourless 
prismatic needles M P 101°-102° Yield, 0 7 gm The aqueous filtrate 
from the above did not yield any other basic substance on workmg up m the 
usual way 

The benzo-isoquinolino dissolved easily in acetone, chloroform and ether, 
sparmgly m alcohol, benzene or toluene and was insoluble in water or petro- 
leum ether The solutions m these organic solvents wore characterised by a 
fine blue fluorescence It was a weak base and did not dissolve in dilute acids 
even on wanning It dissolved partly in hot concentrated acids but on dilution 
of the solution the base was not reprecipitated On rubbmg with concentrated 
HCl in the presence of a little alcohol, a groonisb-yellow sohd was formed, 
which, aftei crystallisation from methanol, melted rather mdefinitoly between 
146'*-160“ This was evidently the hydrochloride 

0 01608 gm gave 0 04417 gm CO 2 and 0 00604 gm H 2 O, also, 0 1040 gm 
gave 4 6 c 0 mtrogon at 32° and 741*4 mm pressure. 

Found C« 79 80%, H = 6 12%; N -= 4*72% 

CsoHijOjN requires C = 70 73%, H = 4 08%, N = 4 66% 

77t€ hydrobromide crystallised from absolute alcohol as greenish yellow 
luwdlos M P 201 “-203° (decomp ) 

0*1162 gm ol substance gave 0 0674 gm. 4gBr 

Found Bi = 20 01%, CgoHjeO^NBr requires Br « 20 93% 

The methioduie. 0 6 gm of the substance in 3 0 0 chloroform and 1 c c 
methyl iodide wore heated together m a sealeil tube at 100° for an hour The 
separated dark green crystalhiio solid was filtered, washed with a Uttle chloro- 
form and finally rocrystallised from alcohol Bark green, glistemng needles 
MP. 196“ (deoomp). 

0*1436 gm. of substance gave 0*0766 gm of Agl. 

Found I . 28 82% r C*iHi80,NI requires I » 28 67% 
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TJie ptcrate was rather easily obtained in a state of purity by mixin g 
together the (jonstituents in warm alcoholu snhiiions It crystallisod from 
alcohol as slender golden yellow needles M P 168° (decomp ) 

0 1094 gm gave 10 6 c <• nitrogen at 31° and 743 3 nmi pressure 
Found N = 10 64%, C28Hig09N4 requires N = 10 66% 

The reiluction of the koto-isoqmuoline with zinc and sulphuric acid was 
tried but only unchanged material was recovoied 
Synthesis of l-meihyl-3,4,dihydro-4-Leto-6 6-benzinsoqutnoltne 

CH, 


4 gms of acetyl-tt)-amino-l-neotonaphthono (see p 161) and 8 co of 
phosphorus oxychloride in 16 oc toluene were gently refluxed for an hour 
on tho sand-bath, with the exclusion of moisture The slightly coloureil 
solution was poured on to crushed and the mixture allowed to attain tho 
room temperature when an almost clear solution resulted It was liltere<i 
from a little tarry matter and repeute<lly extractoii with chloroform The 
chloroform extract was washed with dilute alkali and water, dried over potas- 
sium carbonate and distilled The keto-isoquinolino was loft belund as an 
oil (2 4 gms ) The aqueous acid solution did not yield any other basic sub- 
stance on working up in tho usual way 

0 02032 gm of the oil gave 0 06269 gm COg and 0 00930 gm HgO 
Found C = 83 99%, H = 609% 

CuHuON requires C = 84 41%, H = 6 63% 

The methiodide crystallised fi-om chloroform and alcohol as long colourless 
needles. M P 208°-209® (decomp ) 

0 1404 gm gave 0*0942 gm of AgCl 

Found I = 36 17%, CigHuONI requires I = 36*18% 

The pusraie obtauied m the usual way crystal! istnl Irom acetic acid as 
yellow rosettes of needles M P 166° (decomp ) 

0 1070 gm gave 12*6 c c nitrogen at 31° and 743 mm pressure 
Found. N o. 12 82%, CgoHi408N4 requires N = 12*79®/o 
Synthesis of l-meihyl-B,4,d*'dydro-4-1ceto-7 S-berizotsogutndine 
N 
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2 gms of acetyl-<0'anuno-2-aoetomiphthono (see p 169) and 4 c c of 
phosphorus oxychloride in 10 c c toluene were gently refluxed for an hour 
on the sand-bath, with the exclusion ot moisture The solution was poured 
on to crushed ice, the clear aqueous sloution c'xhnusted with cliloioioim and 
the chloroform extract worked up as before 1 4 gms of a crystalline solid 
was loft behind The keto isoquinolme orystallised from alcohol as long, 
colourless prismatic needles M P 90“-91° N<» other basic jiroduct was 

obtained on workmg up the acid solution in the usual way 

0 01004 gm gave 0 03084 gm COj and 0 00602 gm HgO, also 0 0914 gm 
gave 6*8 o c nitrogen at 31“ and 744 mm pressure 
Found C = 83 79%, H = 6 5(>%, N = 6 97% 

Ci^HiiON roqmros C = 84 41%, H = 6 63%, N = 6 70% 

ThR hydrobromide crystallised Irom dilute hydrobionuc acid as clustt^rs 
of colourless needles MF 261“ (docomp ) 

0 1130 gm gave 0 096 gm AgBr 

Found Br »s 36 02%, Ci4Hi20NBr requires Br a= 36 34% 

The meihtodtde crystallised from absolute alcohol as daik red needles 
M P 168“-160“ (decomp ) 

0 1060 gm gave 0 0707 gm of Agl 

Found I = 36 90%, C15H14ONI requues I =s 3b 18% 

The p%cr(Ue crystallised from alcohol as yellow needles M P 193* 
(decomp ) 

0 0704 gave 8*1 c c nitrogen at 31“ and 742 mm pressure 
Found N = 12 62%, C2oUi40gM4 lequnes N = 12 78% 

Syntheate of l,niethyl-3,4‘d*hydro-4ykcto-7yrncthoxy-5 6,benzo%8ogu\noltne 



(a) Prepanxtwn of 4,methoxy-a(xtyh<o-amtno-ac€t<maphthone 



3B 


DHa-NH.CO.CH3 
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Acetyl glycine was obtained by the method of Reulenhauser (J Prakt 
Chem , 1896, 62, 438), and the chloride prepared aocordmg to the directions 
given by Max [Ann , 1909, S69, 286) 6 8 gms of the chloride were condensed 

with 7 gms of a-naphthol methyl ethci in 30 c c carbon disulphide in the 
presence of 6 gms. of anhydrous aluminium clilondo, and the product isolated 
in the usual manner The acetylanunoucetonaphthone crystallised from 
alcohol as colourless needles, M P 94“-96" Yield, 4 8 gms 
0*1637 gm gave 8 2 o c Ng at 26“ and 762 mm 
Found : N a 6 66% , CigHigOaN requires N, 6 46% 

(6) Preparation of the bemo-taoqutnoltrui Tho acetylaminoacetonaph* 
thonc (3 gms ), toluene (10 c o ) and phosphorus oxychloride (4 c o ) were hcattwl 
to boiling on a sand-bath fur an hum and the product worked up as usual 
The isoquinolino crystallised from ligroin as colourless needles, MP 74° 
Yield, 2*3 gms 

0 1908 gm gave 10 2 c e Ng at 27“ and 762 mm 
Found N =s 6 02% , CjgHigOgN requires N, 6 81% 

The hydrobromtde crysiallisetl in colouiless prisms M P 217“ (ilopomp ) 

0 2046 gm gave 0 12(M) gm AgBr 

Found Br = 24 96%, ("iBH^OgNBi iequiit»s Br, 24 91% 

The rnethtodide soimiated from chloroform as stout rod needles, MP 
211“-213“ (docomp ) 

0 1974 gm gave 0 1204 gm Agl 
Found 1 = 32 97% 

CigHjgOgNI requires I, 33 32% 

The picrate crystallised from alcohol as oiungo rod prisms M P 164“ 
(docomp ) 

0 1420 gm gave 16 33 o o Ng at 27“ and 762 mm 
Found: N = 12 06% 

CgxHjgOgNg requires N, 11 96% 

BenzoyUia-amino-acetophenone was prepared from 16 gms of freshly 
prepared hippuryl chloride (of Gabriel, Ser , 1910, 43, 134 , Pictet, ibid , 
2387), 20 0 c dry benzene and 12 gms of anhydrous alumunium chloride 
Colourless needles from dilute alcohol, M P 122“-123“ Yield, 1 2 gms, 

J,phetiffl~3,4/iihydro^,keto-isoqu%nol»ne 

CHg 


CsHg 
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Benzoyl-ctf-aminoaoetophenono (1 gm ), phosphoryl chlonde (2 o o ) 
and toluene (5 o o ) were gently refluxed on the sand-bath for 45 minutes, 
and the isoquinohno was isolated m the usual way Colourless needles from 
alcohol, M P 70® Yield, 0 8 gms 

0 1302 gm gave 7 0 o c N2 and 763 mm 
Found N-6 06% 

CisHiiON requires N, 6 33% 

The pxcrate orystallisod from water as yellow ueedles M P 173° (decomp ) 

0 1228 gm gave 13 3 c c N2 at 27° and 763 mm 
Found N=« 12*20% 

C21H14O8N4 roqiuros N, 12 44% 

2-»ne<llo*y-6rn2oy^to-amtnoacetowapA<Aone was prepared m a very poor 
yield (0 26 gm ) from 10 gms of )3-naphthyl methyl other, 12 6 gms of hippurjl 
chlonde and 10 gms of alumimum clilondo in 30 c 0 of carbon disulphide 
It crystallised from alcohol as glistening rectangular plates M P 167°-168° 
Considerable amounts of iinreacted noiolm and ot hippuric acid were isolated 
from the reaction mixture 

0 1563 gm gave 5 8 c c N2 at 26° and 752 mm 
Found N=:4 20% 

C20H17OSN requires N, 4 39% 

i-methoxy benzoyU<ji-am\nmceif)j'heru>m was pro|>ared in the same way from 
16 gms hippuryl chlonde, 10 6 gins anisol and 12 gms aluminium clilondo 
in 26 00 CS2 Colourless rectangular plates MP 112°-113° Tho yield 
was only 0 6 gm 

0 1776 gm gave 7 7 c c N2 at 26° and 762 mm 
Found N = 610% 

C10H15O3N requires N, 6*21% 

Attempts to oyolise these ketones to the isoquinolines have not hitherto 
been successful 

SXTMJIARV 

The action of tho ouiiimou oyciismg agents like phosphoryl chloride on the 
acetyl denvatives of 2,mothoxy- and 4,methoxy-naphthyl-methyl amino 
and of 4,metlioxy-naphthyl-a-methyl-methylamino has been mvestigated 
Only non-basio matenals, difficult to purify, Were obtamod The expectation 
that the Bischlor-Napioralsky maction could bo applied to these acet-a- 
naphthyl methyl anudes so as to get benzoisoqmnolmos by condensation at 
the pen-positioii lias, therefore, not been realised The failure to cyolise 
these compounds is parallel to the fruitless attempts made by other workers 
to prepare isoqumolinos from bas^ of the beuzyl-amino type 

Attempts made to prepare substituted naphthyl-jS-ethyl-anunes from 
easily accessible naphthalene compounds and to cycliso them to benzo- 
isoqumoluios have also not been successful 
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A Simple practical method for the preparation of the acyl-ai-ammo* 
acetophenones and -acetonaphthonos, sometimes in good yields, by the con- 
densation of phenol- and naphthol-ethers with hippuryl and acetyl glycyl 
chloride ‘1 has been worked out Several of those compounds have been 
converted by the usual methods into 3,4,dihYdro-4,keto-benzo-isoqmnolines, 
moderately good yields being obtained 

The benzo-ifloquinolonos pn>parod in tlus manner are found to be rather 
weak bases It has not been possible yet to i educe them to the correspondmg 
tetrahydro-isoquinobnos 

Pbbsidbnoy Gollbob, 

Madras, 

ilih November. W39 




STUDIES IN THE ISOQIJINOLINE SERIES 


PaBT V 4,C0UMAK0-METHyL, 3,COUMABO-METHYL, AND 3,COUMA»YL-l- 
ISOQDINOLlNEt) 

By B B Dby and K Sankaban 
(Read Janvary 2, 1940 ) 

Although the lactone nng has boon foiind to ocour so frequently in nature, 
either as a- or y-pyrones, in glucosides and in natural eolounng matters, there 
are only a few instancos known of tho prosonco of such ring systoms in heteio- 
cychc bases The two best known examples of natural alkaloids contaimng 
tho lactone nng are those of narcolino and pilocarpine, having respectively 
tho following constitutions — 


CH 2 Me 



Naradine 

Among the laboratory attempts at syntheses of comjiounds, contaimng the 
combined lactone and heterocychc basic group, may be mentioned the work of 
Dey and Goswami (J Chetn Soc , 1919, 16, 631), on 1 8>^-i8onaphthoxazone8 
by the apphcation of Skraup’s reaction to 6-ammo coumarms, and its extension 
to homologues of qiunohno-6 6-«-pyrone8, by the apphcation of the Doebner- 
Miller reaction to these B-armno-coumanns (Dey and Seshadn, J IC 8 , 1926, 
Fol ///,p. 187), thus. 


VOL. VI— No. 2. 


[Pubhsbed July 20th, 1040. 



174 B B DBY & K SANKABAN STUDIES IK THE ISOQUIN DUKE SERIES. 



It waH hoped 111 tho beginning that laoqiimolmo-pyronoa, like the 
qumoluio-pyronoH mentioned alxive, might he Hynlhesised on similar bnes by 
the route ahown below — 


0 0 0 



This expectation has unfortunately not been realised by us, all attempts at 
obtaimng the 4-coumaryl methyl amine from the corresponding coumarin>4- 
acetanude being unsuccessful 

Isoquinolines with a coumaryl group substituted m position I were, 
however, readdy obtained from the couinann-4- and 3-acetio acids, and j5- 
phenyl ethyl aminos like homopiperonyl and homoveratryl amines The 
reactivity and properties of these ooumann acids (Dey and co>workers, J IC 8 , 
1924, Fol /, 107, tbid, 1931, Vol VIII, Ul-, ibtd, 1931, V6l VIII, 817, 
%b%d , 1934, Vol XI, 381) have been found to be quite similar to those of acetic 
and phenyl acetic acids The substitution of these for the usual fatty or 
aromatic acids in the syntheses of 1 -substituted isoqumolines, and a study of 
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the changes m physiological properties, if any, resulting from the inclusion 
of the pyrone nng m their molecules, 8oomo<l, therefore, to be of considerable 
importance The recent patents of E Merck & Co [D R P 613 006 (1036) , 
E Merck & Co , Dalmer and Werdoi, 012 692 (1937) lefereme in Aineiican 
Chemical Abstracts, (1937, November)] whewm luve been pieiiared the 
coumann 3-earboxylic acid salts of p.ipavorme and of trans-ophedrme, which are 
claimed to have well-marked sedative and antispasmodic action, lent additional 
interest to the investigation Merck’s prejmrations were only salts oi the 
isoqmnoline bases with the (oumarin (arboxylu acids No syntheses of 
coumaryl isoquinolmes are known nnd it was therefore (nnsidored desirable 
to undertake a systematic study of the syntheses, pioptuties and possible 
pharmacological actions of these bodies 

The syntheses of the l-aiuinaryl isoquinolmes via the jS-phonyl ethyl 
amides of the coumann acids and cyclisation of the latter mto the isoqumohnes 
by the Bischler-Napieralsky method has been found to pro(fod normally and 
smoothly according to the following s< heme — 


CHj 



where R = a coumaro-4-methyl or a coumaryl-group This reaction furnishes 
a general method of synthesis of l-coumaryl isoquinolmes 

The formation of isoqumohnes fi-om homopiperonylamme and homo- 
veratryl amme on the one hand and (o) 7-methyl coumann 4-acetic acid, (b) 
coumann 3-carboxyho acid, and (c) coumann 3-acetic acid on the other is 
shown m the schemes A, B and C given below — 
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CHo C 
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CH, 


C CO 




Jh* 


00 



Isoqutnoiltnes from coumann-d, acetic acids 1, {7-meihyl-4-courmro methyl)- 
6 7, methylene dwxy- or dtmethoxy-3 4,dihydro-i8oquxnoline and denvatives 

7-methyl coumarm 4-acetic acid was propirod by the direct method of 
Dey and Row {J I C 8 , 1924, Vol /, 107) from citnc acid and meta-crosol 
Homopiperonylamine was prepared by the method of Buck and Perkin {J Chem 
8oc , 1924, 125, 1676) and homoveratryl amine by a slightly modiiiod method of 
Ray {JIGS, 1927, Vol IV 403) The condensation of these to the mtermediary 
amides was effected generally by heating the amine and the ethyl ester (Fnes 
and Volk, Ann , 1911, 379, 107) at 120®, iii solvents like toluene or xylene The 
difficulty ansing from the tendency of the coumarm-4-acetic acid to be decar- 
boxylated was thus avoideil The amides se^iarated in an almost pure condition 
and the yields were generally good Cychsation occurred readily when 
phosphorus oxychlonde was used as the cyclismg agent, and the major portion 
of the reaction product was obtained as the hydro<*hlonde of the base While 
the free bases are yellow, the hydrochlorides are colourless crystalline solids 
They have a bitter taste The isoquinolines are not strong bases and are 
readily precipitated from aqueous solutions of their hydrochlondes by sodium 
carbonate solution Reduction to the tetrahydro isoqmnohnes has been 
accomplished m most cases, using zme and sulphuno acid The hydroohlonde 
of the tetrahydro base from homoveratryl amine and 7-methyl coumarm 4- 
acetic acid ester has been found to decompose rather rapidly when kept 


laoquinohnes from eofumartn-3, carboxylic acids 1, {3-coumaryl)-6 • 7, methylene 
dtoxy- or d*methoxy-3 4,dthydro-isoqtnnohnes and derivatives 

The couinarm-3,carboxyhc ethyl ester required m these investigations 
has been prepared m almost quantitative jnelds by the method of Knoevenagel 
{Ber , 31, 2693) from sahoyl aldehyde and malomc ester. The condensation 
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to the jnterniodiary amides was (‘jirnod out according to the method described 
III Seition A Jioth the free base and its hydrochlonde have been obtained 
m satisfactory yields under the usual conditions of oxpenmentation The 
interesting lact was uotued (hat the fieo liasos in this case were colourless 
and then hydi-ochloiidos vere yellow while the opixisito is the case with the 
coiu])ounds descnlied m Siition A A curious obseiwation to record is that 
relating to the physual (haracter ol the (yclisation prodiut of the amide 
derived from homoveratryl amine It iiivaiiably set itself to a beautiful 
fluorescent jelly, which dissolved in hot water, but again formed the jelly on 
cooling 111 this case, the hydrochloiides wore obtained by passing dry 
HCl into benzene solutions of the rcsficctive bases Reduction of the 1, (3- 
touniaryl)-6 7 methylene dioxy.3 4, dihydro-isoquinolme was not successful 


laoqutnoltrm front couniartn-3,aceitc aetda 1, {3 coumaro-methyl)-6 7^mMhylene 
dxoxy- or dtmethoxy-3 4-dthydro-tsoqu%noltnes and derwattves 

The coumann-3, acetic acid was prepared by the method of Doy and 
Sankaianarayanan {JIGS, 1931, Vol VIII, 817) The condensation to the 
amide was effected by hoatmg the two components without any solvent The 
yields were not as satisfactory as m the former cases, largo amounts of by- 
products being obtained Cyolisation, too, led to the formation of considerable 
amounts of tarry products which made it rather difficult to isolate the pure 
isoquinoline The free base is yellow in colour but the salt which was first 
obtained as a sohd soon turned mto an oil which was only partly soluble in 
water, showing that partial decomposition had taken place. 


General properties of the ccmmaryUisoquinoltnes 

All the five l-coiimaryl isoquinohnes which have been synthesised have 
a weak basic character They dissolve in acids only slowly and can be 
completely extracted from their acid solutions with chloroform Salts such 
as the hydrothlondo, hydrobronude, nitrate and picrate have, however, 
been prepared in the pure state The methiodides were generally obtained 
pure on heating the base and methyl iodide under pressure l^ey begin 
to decompose on attomptmg to crystallise them from water or alcohol The 
bases, too, decomposed slowly on keeping and were found to be preserved 
best m the form of their hydrochlorides 

A study of the action of alkah on these bodies should be of mterest, as 
compounds of the pyndocohne type are expected to arise as a result of the 
opening of the pyrone ring The following scheme explains the reactions 
involved.— 
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Investigations in this direction are m progress 


Experimental 

The homopiporonylamino required in these invoHtig.itioiis was prepared 
mainly by the method of Buck and Perkin {J Chem Hoc , 1925, 725, 1675) 
7,m^ylcoumann-4-acetic acid was prepared by the method of Dey and 
Row (JIGS, 1924, Vdl 1, 197) 9 g of the ooumarin acetic acid crys- 

lAllimg in needles, M P 190“, and 4 g of 4,7-dimothyl ooumann, M P 134°, 
were obtained fiiom 24 g of citno acid and 10 g. of metal-cresol. 
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Tho othyl ostcr (Fries and Volk, Ann ,1911, 379, 107) was easily prepared 
by saturating an absolute akoholio solution id tho acid with dry HCl gas 


7-rnethyl, a>unuirm-4,acet-3 4-niethylene d%oxy -^-phenyl ethyl amide 



3 30 g of homopiporonviuniine and 4 90 g of the ester were heated 
together with 30 c c of toluene foi a period of 3 to 4 hours at its boiling point, 
moisturo being excluded On i^Kiling, the amide separated out as a crystalline 
solid which was filtered, washc'd with dilute fiCl and water alternately, and 
crystalhsod from a large quantity of alcohol Clusters of snow-white needles 
MP 197° Yield, 46g 

0 2482 g gave 8 4 o c. of nitrogen at 29° and 764 mm 
Found N, 3 77 per cent. 

CjiHjgOjN requires N, 3 83 per cent 

J-(7,tnethyl-4,counuiromethyl)-6 7, methylene dioxy-3 4,d%hydro-ieoqntnoline 


CHa 



2 g of the above amide were dissolved m 20 o o toluene and refluxed 
on the sand-bath with 12 o.o. of phosphorus oxyohlonde for 1} hours The 
contents became dark coloured and a crystalline sohd appeared towards the 
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ond of the reaction, the quantity of which increased as the flask cooled down 
The deeply coloured fluorescent solution was pouied into crushed kc The 
thick oil which separated, solidiiied in about an hour It was hltored, washed 
with dilute alcohol and fanally ciystallised Ironi hot water Shining plates, 
M P 265° (d ) Yield, 0 9 g This w'as found to bo the hydrochloride of the 
base 

The coloured acid filtrate was separated from the toluene layer and then 
repeatedly exhausted with chloroform and the extiact dried over anhydrous 
potassium i^irbonate On removing the solvent, the free boso was loft behind 
as a coloured mass bIiicIi crystallised fiom iKui/ene or from toluene-petroleum 
other mixture in shoit stout neeiilos, M P 184'’ Yield, 0 6 g 

0 1696 g of the base gave 0 4614 g of CO^ and 0 0770 g of water, 
2 609 milligianiH gave 0 090 c c of iiitrogoii at 22 6° and 767 mm piossuro , 
9 276 milligrams of the hydrochloiido gave 3 420 milligiams ol AgCl 
Pound C, 72 69 pei cent , H, 6 04 per cent , M , 4 02 jhii i cut 

C21H17O4N requires C, 72 60 pei cent , 11, 4 89 pen cent, N, 4 03 
per uuit 

Pound Cl, 9 11 iier cent 

C21H17O4NCI lequuvs Cl, 9 25 per cent 
(Analyses by Di Ing A Scholler oi Berlin ) 

The free base is yellow in colour and is soluble 111 ill (ommon organic 
solvents It can bo easily extracted from ac id solutions I’lii* HC|iieouH solution 
of the hydrochloride is strongly fluorescent and is extremely bitter to the 
taste The free base is prei/ipitated from aqueous solutions of the liydrochlonde 
by sodium carbonate solution, both the free base and the hydrochloride decom- 
pose slowly on keeping 

The hydrobromtde was obtained as fern-shaped t rystals when the frcHi base 
was rubbcxl with a few diops of concentrated hydro bromic acid, M P 268° (d ) 
0 186 g gave 0 0800 g of AgBr. 

Pound. Br, 18 53 per cent 

C*iHig04NBr requires Br, 18 69 por cent 
The methxodide was obtamod by heatuig the base and methyl iodide m a 
sealed tube and washing the dark coloured sobd product with a little chloroform 
Attempts at crystallisation failed as the compound began to decompose 
M P 228° (d ) 

0-1416 g. gave 0-0676 g of Agl 
Pound: 1, 26-79 per oent 

C22H20O4NI requires 1, 26 97 per cent 
The nttraie was obtained as plates by rubbing the base with dilute mine 
acid M P 166® 

The ptcrate was obtained as a yellow precipitate on mixing alcoholic 
solutions of the base and picno aoid, it crystallised from glacial aoetio acid as 
yellow needles M P. 248° (d ) 
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0 1790 g gave 16 6 c c of nitrogen at 28® and 702 7 mm 
Pound N, 9 73 per cent 

C27H20O11N4 requires N, 9 72 per cent 
l,(7,inethyl-4,coumaroniethyl)-6,7,m^ylenedtoxy-l,2,3,4-tetrdhydro-%aoqu%nohne 

1 g of the (lihydro-baso, 3 g of zinc dust and 0 06 g of copper 
sulphate wore mixed with 30 0 0 of water and warmed on the water-bath 
2 6 0 0 of oonoentrated sulphurio acid was added during the course of 
an hour and the mixture was shaken well so that hydrogen was evolved only 
slowly As the reaction progressed the yellow solution became gradually 
colourless It was filtered after an hour, cooled, basified with sodium carbonate 
solution and then exhaustively extracted with chloroform and the extract 
dried over anhydrous jiotassium carbonate Removal of this left the tetrahydro 
compound as an oil Yield, 0 3 g 

The hydrochloride was obtained as plates by rubbing this oil with a few 
drops of oonoentrated hydroohlono acid M P 214® (d ) The tetrahydro base 
was precipitated as a sohd by basifymg the hydrochloride solution with 
sodium carbonate M P 176® (decomp ) 

0*1386 g of the base gave 6 1 0 0 of mtrogen at 29® and 769 6 mm 
Pound. N, 4 16 per cent 

C21H1JO4N requires N, 4*01 per cent 
0 1936 g of the hydroohlonde gave 0*0746 g of AgCl 
Found. Cl =3 9 60 per cent 

C21H20O4NCI requires Cl, 9 ^ per cent 
The ptcrate was obtained as a yellow precipitate from the aqueous solution 
of the hydrochloride by the addition of a saturated solution of picric acid 
It crystallised from acetic acid as rhombic plates M P 207° (d ) 

0 1666 g gave 13*4 c 0 of nitrogen at 30® and 764*6 mm 
Found* N, 9 66 per cent 

C27H2SO11N4 requires N, 9 68 per cent 
The acetyl derivative was prepared by treating the tetrahydro base with a 
few drops of acetic anhydnde and crystallismg the product from dilute alcohol 
M P 204® (d ) 

0*0694 g. gave 2 2 c 0 of mtrogen at 30® and 767*6 mm 
Found. N, 3*63 per cent 

C21H21O5N reqmres N, 3 68 per oeht 

Homoveratrylanune was prepared by the method of Buck and Perkm 
modified by SLay {J I C S , 1927, Vol IV, 403) The yields at each stage were 
excellent. 

7,fniethyU4-eomuuriii aeei-3 d-dmethoxy-P-phenyl-ethyl atrnde 

1*8 g of the ester and 2*46 g of homoveratrylanune were heated 
under reflux m xylene solution for 3 hours. On cooling, the amide separated 
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out as a crystalline solid It was washed with dilute HCl, and crystallised 
from alcohol Short rods, M P 174* Yield, 2 6 g 
0 0931 g gave 3 o o nitrogen at 31® and 762 6 mm 
Pound N, 3 63 per cent 

C22H28O6N requires N, 3 67 per cent 

i, {7,niethyl‘4,couinaro-methyl)-6,7-d%inethoxy-3,4-d%hydro-Moqutnoline 

The above amide (2 g ) was dissolved in 16 0 c toluene and gently refluxed 
on the sand-bath with Hoc of phosphoiyl chloride for an hour and a half, the 
solution which had originally a straw yellow colour acquired a doop reddish 
tint On pouring the reaction mixture into ice water, a thick oil separated 
which solidified after about an hour, this was collected, washed with water 
and then with the minimum amount of chloroform and crystallised from hot 
water The kydrocMortde separated as thin rhombic crystals MP 108® 
Yield, 0 6 g The toluene layer was carefully removed from the filtrate and 
extracted five times with chloroform (10 c c ) and the extract dried over 
anhydrous potassium carbonate After removal of the solvent the isoquinolino 
remained as an oil which rapidly sohdified It crystallised from a mixture of 
toluene and petroleum ether as short stout needles M P 181° Yield, 0 6 g 
The base is yellow in colour and dissolves readily in the common organic 
solvents The hydrochloride is colourless and its aqueous solution has a mild 
green fluorescence It affords the rare example of a base melting higher than 
its salt 

0 1238 g of the base gave 4 45 c 0 nitrogen at 30° and 764 mm 
Found N, 3 98 per cent 

C22H21O4N requires N, 3'86 per cent 
0 1036 g of the hydrochloride gave 0 0374 g ol AgCl 
Found Cl, 8 94 per cent 

C22H2204NC1 requires Cl, 8 88 jx^r wnt 
The hydrobromule was readily obtained as eolourloss crystals on mixing 
the base with aqueous hydrobronuc acid M P 207° (d ) 

0*1423 g gave 961 g of AgBr \ 

Found Br, 18 24 per cent 

C2sH2204NBr requires Br, 18*02 per cent 
The methwdide was formed on heatmg the free base with excess of Mel 
in a stoppered bottle at 100° M P 182° (d ). 

0*1201 g gave *056 g. of silver iodide. 

Found : I, 26 22 per cent. 

C2SH24O4NI requires I, 25*15 per cent 
The pierate separated from glacial acetic acid as beautiful straw yellow 
prisms. 

0*1904 g gave 16*1 c 0 mtrogen at 30*3° and 769*8 mm 
4 
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Found N, 9 32 per cent 

C28H24O11N4 requires N, 9 46 per cent 

Beduclton to the 1,2,3,4‘t^rahydro-tsoguinoltne 

CHa 



2 g of the hydrochloride of the dihydro base was dissolved m the minimum 
amount of water and heated on the boilmg water-bath with a tiny crystal of 
copper sulphate and 6 g of zinc dust for 3 hours 5 0 c of concentrated 
sulphuric acid was then slowly added during the course of an hour when the 
solution became practically colourless It was filtered, cooled, basifiod with 
sodium carbonate solution and extracted repeatedly with chloroform The 
tetrahydro-base was obtained as an oil Yield, 0*6 g The hydrochlonde 
separated as crystals on adding a few drops of concentrated hydrochlonc acid 
to the ody base M P 98° The salt is found to decompose on keeping 
0 1129 g of the base gave 4*26 0 0. of nitrogen at 30° and 704 mm 
Pound N, 4 16 per cent 

C28H28O4N requires N, 3 83 per cent 
0 2166 g of the hydrochloride gave 0 0723 g. of AgCl 
Found Cl, 8 25 per cent 

C22H2404NC1 requires Cl, 8 80 per cent 
The pterate melted at 165° 

0*2389 g gave 19 30 0 0 nitrogen at 26*8° and 766 6 mm 
Found N, 9 12 per cent 

C28H26O11N4 requires N, 9*42 per cent 

l‘{3,eoutnaryl)-6 • 7-methykne d%oxy~3 4-d%hydro-%eoqu%noltne 

Coumann 3-carhoxylte ester, prepared by Knoovenagel’s method {Ber , 
31, 2593) from saUcyl aldehyde (3 g ), malonic ester (4 5 g ) and a few drops 
of piperdme, crystallises from alcohol as elongated plates M P 94° Yield, 
3*5 g. 
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l-(3 coumaryl)-3 4, methykM d%oxy-p-phenyl ethyl amuie 



4 36 g of tho ester, 3 30 g of homopiperonyl amine and 30 c p of toluene 
were heated to boiling for 3 to 4 hours, and the separating solid purified in the 
usual way Snow-white needles (from alcohol) MP 214® Yield, 48 g 
0 2116 g gave 7 8 o o of nitrogen at 31® and 747 7 mm 
Found N, 4*07 per cent 

CigHjsOsN requires N, 4 10 per cent 

i, {3~couinaryl)~6 7-inethylene dtoxy~3 4~d%hydro tsoqutnohne 



2 g. of the amide suspended in 26 c c toluene was refluxed on the sand- 
bath with 12 0 0 . of phosphorus oxychloride for an hour and a half The 
solution acqmred a dark brown colour and a small amount of yellow crystals 
separated out towards the end of tho reaction The contents were poured into 
ice water, the yellow sohd filtered and tho filtrate repeatedly extracted with 
chloroform On distilling oflf the dried solvent the isoquinolme was left behind 
as a coloured sohd which was crystallised from benzene Fern-shaped crystals 
M P 253® (d ) The yellow sohd that had separated was found to be tho 
impure hydroohlonde It was dissolved in hot water and basified, when the 
free base was hberated as a colourless sohd Total yield of the base, 1 4 g 
0*1676 g, of the base gave 6 9 o o of nitrogen at 30® and 766 3 mm 
Found. N, 4*68 per cent 

CigHisOiN requires N, 4 38 per cent 
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TAe hydroeAloride was prepared by passing dry HOI gas into a dry benzene 
solution of the base M P 221° (d ) 

0*1806 g gave 0 0773 g. of AgCl 
Pound* Cl, 10*08 per cent 

C19H14O4NCI requires d, 10*09 per cent 
The hjfdrobromtde obtained in the usual way melted at 214° (d ) 

0 2226 g gave 0*1037 g of AgBr 
Found Br, 19 84 per cent 

Ci9Hi404NBr requires Br, 20 00 per cent 
The methwdtde was obtained by heating the components in a sealed tube 
M P 218° (d ) 

0 1201 g gave 0 0620 g of Agl 
Found I, 27 8 per cent 

C20HHO4NI requires I, 27 6 per cent 
The pterate crystallised from acetic acid m stout yellow prisms M P 
213° (d ) 

0 1236 g gave 11 6 0 c mtrogen at 32° and 766 2 mm 
Found* N, 10*30 per cent 

C25H14OHN4 reqiures N, 10*21 per cent 

Beduct%on to the l,2,3,4-tetrahjfdrO‘t8oqutnoline 2 6 g of the dihydro base 
was dissolved in the nummum amount of dilute sulphuric acid and refluxed 
on the boihng water-bath with 7 g of zinc dust and a small crystal of copper 
sulphate, and a few c 0 of concentrated sulphuric acid added dunng the 
course of the reduction (about one hour) The colourless solution was filtered 
hot, cooled and basified with sodium carbonate and extracted with chloroform 
On evaporating the dried solution the base was left behind as an oil Yield, 
0*9 g 

The hydrochloride, prepared by rubbing the above oil with a few drops of 
concentrated HCl, melted indefimtely between 196° and 206°. 

1, (3 coumaryl)-3 d-dimethoxy-P-phenyl ethyl amtde 
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3*62 g of homoTeratryl amine and 4 36 g of the ester boiled m toluene 
(20 0 . 0 ) gave nearly 4 g. of the amide, crystaUismg from alcohol in 
pnsms M.P 168® 

0 1347 g gave 4 96 o e of nitrogen at 31“ and 768 3 mm 
Found N, 4 03 per cent 

CjoHiqOsN requires N, 3 96 per cent 


i, (3, eoumaryiyS 7 -dtmeihoxy-3 4~dthffdro-i-8oqmnohne 

CHg 


Id CO 



3 g of the amide, suspended in 20 c o toluene and 22 o c of phosphorus 
oxychloride were gently refluxed on the sand-bath for 2 hours The jelly-like 
mass which sexiarated on pourmg tho solution into water was found to be the 
hydrochloride of the base It was collected, washed and redissolved in boiling 
water On allowing the clear flltrate to cool, the whole of it set to a hght 
fluorescent jelly again The hot aqueous solution of the jelly was basifled, 
when the isoqumohne separated as a yellowish white solid which crystallised 
from benzene in short needles M P 194°. Yield, 1 8 g 

0*1263 g gave 4*45 c c. nitrogen at 31“ and 761 6 mm. 

Found N, 3 93 per cent 

CS 0 H 17 C 4 N requires N, 4 17 per cent 

The hydrochloride was obtained as a canary yellow powder on passing dry 
hydroohlono acid gas into a dry benzene solution of the base M.P 204“ (d.). 

0 1026 g. gave 0*0489 g of Agd. 

Found: Cl, 9 46 per cent 

CsoHigOiNCl requires Q, 9 66 per cent 

The hydrobrom%de, obtained in a similai manner, melted at 212 “ (d.) 

0*1687 g. gave 0*460 g. of AgBr. 

Found : Br, 19 12 per cent 

CgoHigOgNBr requires Br, 19 23 per cent. 
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The picrate was obtained as a yellow precipitate by mixing alcohobo 
solutions of the free base and pionc acid It crystallised from glacial acetic 
acid as golden yellow needles M P 238° (d ) 

0 1433 g gave 13 2 c o of mtro^n at 31° and 760 mm 
Found N, 10 20 per cent 

^24^20^11^4 requires N, 6 93 per cent 
The methtodide melted at 204° (d ) 


1, {3-counuiryl)-6 7 dtmethoxy-l 2 3 i-tetrdhydro-isoqmnoUne 


CH* 



1 g of the dihydro base, 3 g of zinc dust and 20 c c of water were heated 
on the boihng water*bath and 3 o c of concentrated sulphuric acid was added 
during the course of about 3 hours The solution, which became colourless 
when reduction was complete, was filtered, cooled and basified with sodium 
carbonate solution The whole was repeatedly exhausted with chloroform, and 
on removal of the dned solvent the tetrahydro compound was left as an oil 
This was rubbed with a few drops of concentrated hydrochloric acid when the 
hydrochlonde separated as a crystallme powder MP 248° Yield, 06 g 
On basifying the aqueous solution of the hydrochlonde the free base was 
obtained as shining plates M J* 187° 

0 1754 g of the base gave 6'77 o o mtrogen at 30° and 762 4 mm 
Found N, 4 30 per cent 

CgoHigO^N requires N, 4*16 per cent 

0 1026 g of the hydrochlonde gave 0 0380 g of AgCl 
Found Cl, 9 17 per cent 

C20H20O4NCI requires Cl, 9 50 per cent. 

The ptcrate obtained in the usual way melted at 228° (d ) 

0*2164 g gave 19 5 c c. of mtrogen at 29 6° and 761 26 mm. 

Found N, 9 96 per*cent 

CMH2tOjiN4 requires N, 9*89 per cent 
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Synthesis of 1, {3,coumaro-meihyl)‘6 7-methylene dioxy-S 4-dxhydrO'%soquino- 
line 

(a) Preparation of courmnn-3, acetic acid Salicylaldehyde (6 g ), sodium 
succinate dned at 130° for several hours (11 g ) and freshly prepared succmic 
anhydnde (14 g ) were heated in a flask fitted with an air-condonser at 170°-180° 
for 4 hours The yellow crystalline mass was transferred on cooling to a 
mortar with the aid of small amounts of hot water and triturated well with a 
cold solution of sodium bicarbonate (30 g m 60 f c water) The major portion 
of the sohd dissolved with eflbrvoscenco and after standing for an hour, the 
solution was filtered from the insoluble residue of 3,3'-dicoumaryl (MP 
260°-260'’) 

The clear filtrate was acidified with dilute HCl and allowed to stand 
overnight when clusters of beautiful pale yellow plates (2 4 g ) were found to 
have separated MP 164°-166° A single crystallisation from boiling absolute 
alcohol with the addition of animal charcoal gave shimng colourless plates, 
MP 168° Yield, 18g 

The ethyl ester was prepared by suspending the acid m absolute alcohol 
and saturating with dry hydrochloric acid gas until a clear solution was 
obtamod, and then leaving for 12 hours Colourless needles, M P 88° 


(6) Preparation of {conmarm 3-acei)-3 4 methylene duxey-p-phenyl ethyl 
amide 


CHa 



4 72 g. of ethyl ester of the acid and 4 g of the amine were heated for a 
period of 3 hours m the oil-bath at 160°-170°, moisture being excluded The 
cold mass was washed with dilute alcohol and acid and finally crystallised from 
alcohol. Colourles needles, M P 202° Yield, 3 g (1 3 g of homopiperonyi 
amine was recovered ) 

0*1028 g gave 3*4 c c. of mtrogen at 28° and 766 mm 
Found N, 3*70 per cent 

C20H17O5N requires N, 3 98 per cent. 
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1, {3 eoumaro methyl)-6 Y-methylene dtoxy-3 d-dthydro-taoquinoltne 


CHj 



A mixture of 3 g of the amide, 16 c c of toluene and 16 o c of phos- 
phorus oxychloride was refluxed on the sand-bath for an hour and a half On 
pouring into ice water, the major portion of the reaction product separated as 
a dark oil The whole was extracted with chloroform, the extract dned over 
anhydrous potassium carbonate, and the chloroform removed on the water- 
bath The oily residue was treated with warm dilute HCl, filtered and basified 
with sodium carbonate The process was repeated twice when a clean solid 
was obtained This crystallised from a mixture of boiv»ne and petroleum ether 
as thm plates M P 176® (d ) 

0 1386 g gave 6 10 c c mtrogen at 29° and 769 6 mm 

Found N, 4 16 per cent 

C80H15O4N reqmres N, 4 20 per cent 

The hydrochlonde On adding a few drops of concentrated HG to a 
suspension of the base in water, it at first turned oily but on keeping ovenught 
in contact with acid, the hydrochlonde separated as colourless, stout needles 
MP 224° 

0 1652 g gave 0-0604 g AgG 

Found G, 9-61 per cent 

CS0H10O4NG requires G, 9 63 per cent 

The methtodtde was prepared by heating the base and methyl iodide m a 
sealed tube M P 226° (d ) 

The p%m(te crystallised fmm glacial acetic acid as clusters of short needles 
M P 218° 

0 1004 g. gave 16 1 o.c of mtrc^n at 30 3° and 760*8 mm 

Found N, 0*62 per cent. 

^£9^18^11^4 rotjuires N, 9*96 per cent. 
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1, {3,courmro-mPthyl).6 7,methyknA dwxy-l 2 3 4,teirahydro.%8oquxnol%M 



The dihydro base (2 g ), zinc dust (6 g ) and a crystal of copper sulphate 
were heated with 40 c c water on the boiling water-bath and 6 c c con- 
centrated sulphuric acid added dunng the wurse of three hours The un- 
reacted zinc was removed and the filtrate cooled, basified with sodium carbonate 
solution, and completely extracted with chloroform On removal of the dned 
solvent the tetrahydro compound remained as an oil Yield, 0 9 g 

The hydrochlonde separated as thin plates on the addition of a few drops 
of concentrated HCl to the oil MP 246‘’(d) The free base bos obtained as 
a solid on basifying the aqueous solution of the hydrochloride M P 1 10® 

0 1636 g of the hydrochloride gave 0 0682 g of AgCl 
Found Cl, 9 38 per cert 

CJ0H28O4NCI requires Cl, 9 66 p(‘r cent 

The pxcraie obtained in the usual way crystalliseii from dilute acetic acid 
as plates MP 187® (d) 

0 1693 g gave 14 0 c c of nitrogen at 30® and 748 mm 
Found N, 10 18 per cent 

C«iH 2 oOiiN 4 requires N, 9 93 per cent 
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Condenaatvm of homo-verairyl amtne and coumann-8,acettc ester Coumartn- 
3,ac€t-3 4 d%methoxy-^-phenyl ethyl amxde 



CHa 
C CO 



1 81 g of the homoveratryl amine and 2 36 g of coumann 3 ethyl acetate 
were heated together m an oil-bath at 160®-170® for a penod of 4 hours, moisture 
being excluded On cooling, the homogeneous semi-sohd mass was dissolved 
in the mimmum amount of hot alcohol itnd filtered The amide separated 
from the cold solution as clusters of needles which were reorystalhsed from 
alcohol MP. 212® Yield, 2 g (0 6 g of the amine hydrochloride was 
recovered ) 

0 1478 g gave 6 6 o c of mtrogen at 31 5° and 762 mm 
Found N, 4 06 per cent 

C 81 H 21 O 5 N requires N, 3 82 per cent 

l-{3, coumaro-methyl)-6, 7-dttnetkoxy’3, 4-d%hydro~tsogu%noltne 



The anude (3 g ), phosphoryl ohlonde (22 0 0 ) and toluene (20 c 0 ) were 
refluxed for 2 hours on the sand-bath and then poured into excess of ice-water 
The hydrochloride of the base separated out It was washed and crystallised 
from hot water Short colourless jmsms which do not melt even at 360®. 
The filtrate was exhaustively extracted with chloroform The extract dned and 
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distilled The base was left behind as a reddish solid It crystaUised from 
benzene and petroleum ether as orange yellow rhombic plates M P 222“ (d ) 
On rubbing this with a few drops of hydrochloric acid, the colourless hydro- 
ohlonde melting above 360° was obtained 

0 1990 gm of the base gave 7 c c of nitrogen at 30“ and 760 3 mm 
Found N, 3 91 per cent 

C21H19O4N requires N, 4 01 per cent 

0 2312 g of the hydrochloride gave 0 0894 g of AgCl 
Found Cl, 9 21 per cent 

CsiHajO^NCl requires Cl, 9 60 per cent 

The hydrobromtde molted at 240“ (d ) 

0 116 g gave 0 0486 g of AgBr 
Found Br, 18 52 per cent 

C2iH2o04NBr roqmros Br, 18 60 per cent 

The jHcrate melted at 222“ (d ) 

0 2334 g gave 20 1 c c of nitrogen at 30“ and 748 mm 
Found N, 9 66 per cent 

^87^88^81^4 requires N, 9 69 per cent 

1, {3,coumarO‘methyiy6 7’dimethoxy-l 2 3 4-tetrahydro-%8oqti%nol%ine 



The dihydro-isoqumolme (1 g ), zinc dust (3 g ) and a small crystal of copper 
sulphate were heated with water (30 c c ) on the boihng water-bath and 2 6 
0 0. of concentrated sulphuric acid were added during the course of 2 to 3 hours 
The colourless solution was filtered from excess of zinc and the filtrate cooled 
and basified with sodium carbonate solution Extraction with chloroform, 
drying the extract and evaporating the solvent gave the tetrahydro compound 
as an oil It was convert mto the sohd hydrochloride by rubbmg with 
strong HCl This orystalhsed from hot water as colourless plates MP. 
236“ (d ). 
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0 0778g of the hydrochloride gave 0 0280 g of AgCl 
Found Cl, 8 91 per cent 

C21H22O4NCI requires 0, 9 16 per cent 

Summary 

IjCoumaryl-isoqumoImos have been synthesised from homopiperonyl and 
homoveratryl amines and coumarin4, and 3, acetic esters and coumarm 3- 
carboxylic esters, by the Bischler-Napieralsky method 

These dihydro-isoquinohnes are feeble bases of a yellow colour, the salts 
being colourless The tetrahydro-isoquinolines are stronger bases and are 
colourless 

FbBSIDBNOY CiOLLBOB, 

Madras, 

27ih November, 1939 



STUDIES IN THE ISOQUINOLINE SERIES 
PaBT VI 2' AND 4',QuiNOLyL-MsOQUINOLINBS 
By Miss B S Alamela and B B Dey 
{Read January 2, 1940 ) 

A survey of recent literature on the subject of isoqumolmes brings into 
prominence two mterestmg luios of developraont m this field In the first 
place, the syntheses of these bases have been carried out under physiological 
conditions, i e conditions approximating to those existing in nature (cl Spath 
and Kreuts, Monaisch, 1928, 50, 341, Sp&th and Berger, Ber , 1930, 63, 2098, 
Schbpf and Bayerle, Ann , 1934, 513, 190, Hahn and Schales, Ber , 1935, 68, 
24, etc ), the results contributing to a cleaner understanding of the phytochoimcal 
mechamsm of the formation of alkaloids contaumig this ring system m plants, 
and secondly, new types of isoqumolmes have been synthesized with a view to 
press them into service m the treatment of amoebic dysentery, malaria and 
other diseases The reahzation particularly of the magmtude and complexity 
of the malaria problem has led m recent years to the inauguration of a senes of 
important investigations having for their object the syntheses of chemical 
specifics, mostly denvativos of qumolmos and acridines but a few belonging 
to the isoqmnolme group as well, and a study of their antimalanal, amoobicidal 
and other possible therapeutic properties (Barger and Robinson, Joum 
CherH Soc Loudon, 1929, 2947, 2962, 2969, 2966, Kennack and co-workers, 
ibid, 1930, 1366, 1931, 3089, 3096, 1935, 1143, 1421, Ray and co workers, 
tbid , 1931, 976, J Indian Chm Soc , 1932, 9, 216 , 1933, 10, 197, J Amer 
Chem Soc, 1932, 54, 3988, J pr Chem , 1933, ii, 136, 117, Robinson and 
co-workers, Joum Chem Soc London, 1933, 1467, ibid , 1934, 1264, 1267, 
1322, 1620, 1624, Magidson and co-workers, J Qen Chem Buss, 1034, 4, 
1047, Arch Pharm , 1936, 273, 320, Kntschevski and Meerson, J Immuniiat, 
1933, 79, 180, 438, Mietzsch and Mauss, Angew Chem , 1934, 47, 633, Fieldman 
and Kopehovitzsch, Arch Pharm, 1936, 273, 488, Goodall and Kermack, 
Joum, Chem Soc London, 1936, 1646, Berkenheim, J Qen Chem Russ , 
1936, 6, 1039, 1043, Basu and Das-Gupta, J Indian Chem Soc, 1937, 14, 
468, Child and Pyman, Joum Chem Soc London, 1931, 36 ] 

While the omchona alkaloids still retain their undoubted pre-eminence m 
this field, recent work has brought to hght many important facts concermng 
their true values and also their limitatioDs, and synthetic drugs like Flasmoqnm 
and Atebnn appear to have proved their superiority to the natural alkaloids 
m the treatment of oertam special types of malana Attention has thus been 
drawn to the possibihties of employing different types of 1, substituted iso- 
quinolines m the treatment of various kmds of malarial infections and vnth 
thia in view, hetorocycho acids like picolmio and niootmio acids have been 
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condonsed with j8-phonyl ethyl amines for the synthesis of isoquinohnes with a 
pyridine rmg m 1, position (Clemo, Mcllwam and MoG Morgan, J CS , 
1936, 610, Sugasawa and Kuriyagawa, Ber , 1936, 69 [B], 2008 ) 

In pursuance of the systematic studies in the isoquinohne senes which 
have been undertaken in this laboratory, attempts have now been made with 
succoss to hnk two new heterocychc ring systems, viz (a) qumolme, and (b) 
benzo-a-pyrone, to carbon atom 1 m the isoqmnohne nng The qumolyl- 
isoquinohnes form the subject matter of the present investigation The 
ooumaryl isoqumolmos have been descnbed in Part V of this senes 

The condensation of qmnaldimc and of 2,methyl- and 2,pheny]-cmchonimo 
acids with homopiperonylamme resulted in the formation m good yields of the 
respective amides which imderwont smooth cychzation to the correspondmg 
3,4,dihydro-isoquinohnos as explained m the foUowmg scheme — 


CHo CHa 



The qumolyl'isoqumolines are well-defined bases which are colourless 
but which form deep yellow salts with mmoral acids While the 2,qumolyl- 
isoqumohnes fimction as monacid bases yieldmg stable monohydrooblondM, 
the 4,qiimolyl derivatives are found to be diaoidic and form, m aocoidanoe 
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With expectation, stable dihydroohloiides The preparation of analogous 
iBoquinolines with other heterocyclic substituoniH ami of then reduction 
products IS m progress 

Experimental 

Quinaldimo acid was prepared both by the method of Besthorn and Ibole 
(jSer., 1906, 39, 2329) from quinaldme and formahn and by the method of 
Beissert (Ber , 1906, 3S, 1603) from quinoline, benzoyl chlondo, and potassium 
oyamdo The former method was preferred on account of the simplicity of 
the process and the better yield of the product 

The methyl ester was prepared according to the direction given by 
Hammick (Jonm Chem Soc , 1923, p 2883) 6 4 g of methyl quinaldiiiate 

crystaUizing from ligrom m long noodles, M P 86°, were obtained from 6 g 
of the aoid 

Homopiporonylaminc was prepared in the usual way by the method of 
Buck and Perkm (J Ghem Soc , 1924, 725, 1693) 10 g of the pure amino, 

B P 162°/22 mm were obtained starting from 20 g of piperonal Attempts 
were made to prepare the amine by the electrolytic reduction process from 
piperonyhdene mtromethane but none of them wore very successful, only 
poor yields of the amine being obtamed at the end 

a.,qu%nohnoyl-P-3,4,inethylene dwxy-phenyl eihylamtde 



This was prepared by the following three methods — 

(а) Powdered quinaldimo acid (1 73 g ) was heated with homopiperonyl- 

amine (1 66 g ) at 160°-170° on an oil-bath for five hours The 
oily loaotion product was triturated with alcohol when it solidified 
and the sohd residue was finally crystalhzed twice from alcohol 
(nont-eharooal) Yield, 0*6 g of amide MP. 110° 

(б) Quinaldimo acid (1 g ) was covered with dry chloroform (60 o o ), 

thionyl chloride (1 g ) added, and the mixture refluxed on the 
steam bath for three hours After removing the chloroform 
and excess of thionyl ohlonde under leduced pressure, dry benxeno 
(10 0 . 0 ) and homopiperonylamine (0 92 g) were successively 
added, the mixture heated on a steam bath for an hour and the 
product treated with crushed ice, basified with ammonia, 
extracted thnoe with benzene and the benzene extract dned 
over potassium carbonate On distilling off the benzene, a 
reddish oil was left behind which sohdified on rubbing with 
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alcohol. Crystallization from alcohol gave thin jilates MP 
110°. Yield, 0*7 g The alcohoho mother hquor, on dilution 
with water, gave a further 0 6 g of the shghtly impure anude 
(e) Methyl quinaldinate (1 85 g ) and homopiperonylamine (1 65 g ) 
were heated on the steam-bath for three hours Crystallization 
of the reaction product from alcohol (nont) gave colourless 
ghstemng plates M P 110* Yield, 2 6-2 7 gms 
The third method proved to be the most satisfactory and was employed 
for preparing larger quantities of the amide 

23 04 mg of the substance gave 60 75 mg of COg and 10 86 mg of H2O, 
20 08 mg gave 2 055 c c of nitrogen at 33° and 703 mm 
Found C, 71 91 , H, 6 24, N, 8 83 per cent 

CioUioOsN 2 requires C, 71 22, H, 5 037, N, 8 76 per cent 
The hydrochlonde of the a,qumolmoyI, j8-phenyl ethylamide was pre^iared 
by passing dry HCl gas into a suspension of the amide (0-6 g ) in dry benzene 
(20 c c ) It crystalhzed from absolute alcohol in dark yellow prisms M P 
107° 

60 19 mg required 8 2 0 c of 1 043 N/60 NaOH 
Found Cl, 10 08 per cent 

C19HHO8N2 HCl requires d, 9 94 per cent 
The hydrochlonde is very easily hydrolyzed oven m tho presence of 
moisture 

The picraU, obtained by mixing alcohoho solutions of the amide and picno 
acid, crystalhzod in fibrous needles M P 116° 

The picrate was dried in vacuum at room temperature 42 44 mg gave 
4 752 c 0 of nitrogen at 33° and 766 mm 
Found N, 12 58 per cent 

^19 HioOsN 2 C0H3O7N2 requires N, 12 72 per cent 
Attempts to prepare the meihtodtde by tho usual method were not 
successful, the unchanged amide being recovered at the end 

J -2' ■aL,qutnolyl-6, 7, methylene dtoxy-3,4,dihydro-t8oquinoltne 


CH2 
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The above amide (2 g ), phosphorus oxychloride (6 c c ) and dry toluene 
(12 c c ) were heated on an oil-bath at 120°-130° for three hours A thick 
oil separated out which solidified to a hard gummy mass on coohng Petroleum 
ether was added to the mixture until there was no further turbidity, the clear 
liquid poured oflF and the residue washed with petroleum other and finally 
treated with water (160 o o ) oontaimng loo strong HCl The acid aqueous 
extract was shaken once with ether to remove any toluene, strongly cooled and 
basifiod with strong ammoma After standing for throe hours, the dirty white 
sohd was collected and crystallizetl from alcohol (nont) The isoqiunolino 
separated m bundles of colourless rectangular plates MP US" Yield, 
14g 

It dissolves in cold dilute acids with a deep yellow colour which changes 
to deep rod on addition of more acid The acid solution, on (blution, showed 
a pale blue fluorescence 

18 01 mg gave 40 46 mg CO 2 and 7 97 mg H 2 O, and 18 22 mg of the 
base gave 1 472 0 c ol nitrogen at 33” and 760 mm 
Found C, 74 89 . H, 4 92 . N, 9 02 per cent 

CiaHi 402 N 2 requires C, 76 44, H, 4 67 , N, 9 27 per cent 
29 9 mg of the base (dned m vacuum), dissolved in 406 mg of camphor, 
depressed the meltmg point by 10® 

Found MW, 296 3 

requires M W , 302 

The platintchlortde was prepared in the usual way Orange yellow 
crystals MP 210®, 

0 10416 mg (dned at 110®/6 mm ) gave 01999 g Pt 
Found Pt, 19 20 per cent 

[CigHi 402 Ng], HaPtCl, requires Pt, 19 23 per cent 
The hydrochlortde was prepared by passing dry HCl gas into a solution 
of the base (0 6 g ) in benzene (8 c c ), rubbmg the deep rod stic ky sohd with 
a little absolute alcohol and then crystalhzmg from the same solvent Clusters 
of yellow needles M P. 241® 

0 17007 g reqmres 18 1 c 0 of 0 666 N/20 caustic soda 
Found Cl, 10 47 per cent. 

CigHi 402 N 2 HCl requires Cl, 10 49 per cent 
The base appears therefore to be mono-acidic 

The pterate was prepared by mixing alcoholic solutions, crystallized m 
pnsms M.P. 210® 

7 66 mg of the piorate gave 0 84 c 0 of N 2 at 764 76 mm. and 27®C. 
Found. N, 12 63 per cent 

CibHuO*N* CgHaOyNa requires N, 13>18 per cent. 

The methtodide was prepared by heating the components m a closed 
bottle at 100® for four hours, washing the sticky product with alcohol and finally 
crystallizing it from alcohol or water Long rect an gu l a r plates M P . 246® 

5 ~ 
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0 09225 g gave 0 04441 g Agl 
Found I, 26 0 per cent 

CnHi^OgNj CHgl requires I, 28 6 per cent 
The reduction of the dihydro base with zinc and sulphuric acid or with 
tin and hydrochloric acid could not bo effected satisfactorily Catalytic 
reduction with palladized — ^nont was ultimately found to be the most successful 
method 

A solution of 0 6 g of the base in 10 o o of glacial acetic aoid containmg 

0 2 g of the catalyst in suspension was shaken m an atmosphere of hydrogen 
until there was no more absorption of gas The catalyst was filtered and the 
colourless solution diluted and basified with ammoma The white precipitate 
was filtered and crystallized from alcohol It melted at 160° Yield, 0 4 g 

The tetrahydro base was dried m vacuum at 30° 18 12 mg gave 49 66 mg 

of COs and 8*98 mg. of water. 

Found. C, 74 73, H, 6 61 per cent 

CiftHigOeNs reqmres C, 74 98, H, 6 30 per cent 
The plattntchlortde, prepared m the usual way, melted to a clear red liquid 
at 204° 

0 1167 g of the double salt gave 0 0221 g of Ft 
Found Ft, 18 93 per cent 

[CigHigOgNsls H 2 PtCl# requires Ft, 19 16 iier (vnt 
The hydrochlonde, which was hygroscopic, melted at 142° 

01231 g of the hydrochlonde dned in vacuum required 13 55 cc of 

1 292 N/60 sodium hydroxide solution 

Found Cl, 10 08 per cent 

^ibHwOsNs HCl requires Cl, 10'41 per cent 
The p%crate, crystallized from dilute alcohol, molted to a thick hquid at 
96°-98° 

22*64 mg gave 2 618 c o. of nitrogen at 33° and 768 mm 
Found N, 12 87 per cent 

CigHigOsNt C«H807N8 reqmres N, 13 13 per cent 
The reduced base is therefore mono-acidio 

Syntheses of 4',futnolyl-l-tsoqwnolmes 


OLfMethyl-etnehonumc acui, 


This was prepared bj^^the method of Pfitzinger (J. Prakt Chem , 1897, 55, 
284) by refluxing isatm with acetone and alkah for several hours. Nearly 


COOH 
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16 g of the cinohonuuo acid crystallizing from boilmg water m needles, M P. 
241°, were obtained from 15 g of isatm. 

The melhyl ester of 2,methyl-omchonmic acid crystallized from li gmit^ m 
colourless needles MP 60“.61° 

x,inethyUY,^utnoltn<>yl-P-3 4-ineihylene dtoxy-phenyl ethylamxde 



A nuxture of the methyl ester of cmchonimc acid (2 g ) and homopiporonyl- 
amme (1 6 g ) was heated at 100° for five hours The reaction product was a 
gum which solidified on rubbing with alcohol Ciystallization from 60 per 
cent alcohol gave the anude as colourless thm plates M P 163° (after drying). 
Yield, 1 8-1 9 g The amide is a strong base dissolving readily m cold dilute 
acids (The hydroeMonde was prepared by saturotuig a benzene solution of 
tho amide with HCl gas It orystalhzed from absolute alcohol as palo yellow 
scales M P 194° ) 

22 30 mg of the amide gave 68 69 mg of COg and 11 30 mg of HgO. 
16 61 mg gave 1 148 o c of mtrogon at 33° and 762 mm 
Found C, 71 78 , H, 6-63 , N, 8 10 per cent 

CeoHisOaNg requires C, 71 83, H, 6 43, N, 8 38 per cent 
0 20497 g of the hydroohlonde required 22 66 c o of 1 291 N/60 caustic 

soda 

Found Cl, 10 07 per cent 

CgoHisOiNs HCl requires Cl, 9*67 per cent 
Tho ptcraie crystallized from dilute alcohol as small plates M P 190°. 
16 69 mg gave 1*84 o o. of mtrogen at 31° and 761 mm 
Found N, 12 28 per cent 

CsoHisOsN* . CgHsOyNa requires N, 12 43 per cent. 

The meihtodide was prepared by heating the components in a dosed bottle 
for five hours on a steam bath It OTystalhzed from alcohol m dusters of yellow 
plates M.P. 197° 

018216 g gave 0-08433 g Agl 
Found: I, 26*02 per cent 

CiiHgiOsNgl requires I, 26*66 per cent. 
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x,methyUqu%nolyl-Y,6 7,ineihylaMdu>xy-3,4,dihydro-ts<)qutnoltne 
CHe 

m2 

CHj( 



CH, 



The y-qiunolmoyl-phenyl ethylamide (1 g), phosphorus oxychlonde 
(3 6 c 0 ) and dry toluene (10 0 c ) were refluxed for three hours on an oil-bath 
at 120°-130° On cooling, 20 co petroleum ether added and after 
standing for an hour the clear supernatant liquid was dooantod off and the 
gummy residue ground with 60 c c water containmg 1 c c HCl After shakmg 
the deep red aqueous acid extract with ether to remove any non-basic impurities 
and traces of toluene the solution was cooled in ico and basifieil with ammonia 
The granular solid was collected and crystalhzed from 60 per cent alcohol (norit) 
The base separated in gbstening, colourless, rectangular plates MP 114° 
Yield, 0 8 gm 

The isoquinolme is a strong base dissolving instantly m cold dilute acids 
and giving crystalhne precipitates with Meyer’s reagent and with potassium 
dichromate solution 

17 38 mg gave 48 10 mg of COg and 8 29 mg of H 2 O 22 32 mg gave 
1 768 c c of Nj at 34° and 761 mm 

Found C, 76 48 , H, 6 30 , N, 8 73 per cent. 

CjoHiflOgNj requires C, 76 91 , H, 6 10 , N, 8 86 per cent 
The platinichlonde, prepared in the usual way, decomposes gradually 
without meltmg, above 260° 

0 06969 g dned at 110°, gave 0 01836 g platmum 
Found Pt, 26 37 per cent 

CaoHieOsNg H^PtCle requires Pt, 26 8 per cent 
It behaves therefore as a diaoidio base 

The hydrochhruk, prepared finm a benzene solution of the base and dry 
HCl gas, separated from alcohol as orange yellow crystals MP 234° 
(decamp ) 

0*10140 g reqmred 21 c c. of 1*201 N/60 caustic soda 
Found Cl, 18 95 per cent 

CsoHigOaN^Cls requires Cl, 18*23 per cent. 

The niithiodide, prepared m the usual way, crystallized from absolute 
alcohol as rectangular pnsms M P 264° (decomp ). 
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1 6 83 mg gave 31 86 mg of CO2 and 6 98 mg of water 
11307 g of substanoe dried at 100“, gave 06248 g Agl 

Found C, 64 87 , H, 4 20 , 1, 25 08 per cent 

CjoHieOsNs CH3I requires C, 66 01 , H, 4 18 , T, 27 7 per cent 
The base therefore forms a mono-methiodide 

The ptcrate crystallized from a small quantity of alcohol melting at 221° 
(decomp ) 

24 26 mg gave 3 083 0 c of N2 at 33 6° and 762 min 
Found N, 14*20 per cent 

C20H13O2N2 2CaH307N8 requires N, 14 46 per cent 
Reduction with zinc and sulphunc acid 

The dihydro base (1 g ) and zinc spangles (3 g ) in water (30 c c ) containing 
copper sulphate (0 06 g ) was warmed on the water-bath (60°- 60“) with the 
gradual addition of concentrated sidphunc acid m the course of two hours The 
orange yellow solution became colourless m about 20 mmutes The excess 
of zinc was filtered off and the filtrate with the washings was cooled and basified 
with ammoma The white precipitate was filtered, dned and extracted with 
hot benzene The pale yellow oil (0 8 g ), after removing tBb solvent, sohdified 
on rubbing with a few drops of alcohol Crystalhzetl from dilute alcohol, the 
tetrahydro base separated in colourtess rhombic plates melting at 81“ 

17 40 mg gave 48 06 mg of CO2 and 9 02 mg of water 
Found C, 76 32 , H, 5 76 per cent 

^80^18^8^2 requires C, 76 66, H, 6 70 per cent 
The hydrochlonde, crystallized from absolute alcohol, melted at 276“ 

0 1054 g required 23 8 c c of 1 108 N/60 sodium hydroxide solution 
Found . Cl, 17 72 per cent 

C20H18O2N2 2HC1 required Cl, 18 18 per cent 
The picrate separated from alcohol, melting at 202“ 12 71 mg gave 1 62 

00 of N2 measured at 33“ and 760 mm 
Found. N, 14 21 per cent 

CaoHigOjNs 2C«H807N, requires N, 14 42 per cent 
The benzoyl derivative orystalhzed from acetone-alcohol mixture and 
melted at 226“ 

20*27 mg. gave 1*146 0.0. of Ng at 33“ and 764 mm 
Found N, 6*38 per cent 

CjrHggOgNg requires N, 6 63 per cent 

cLtpTienyUeinchoninic acid. 


COOH 
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This waa prepared by the method of Pfltzmger (toe eit , p 202) 6*2 g 

of pale brown needles, M.P 208‘'.209‘’, were obtained from 6 g of isatm 

The methyl ester was prepared by refluxmg with methyl alcohol and 
sulphnno acid for three hours, basifying the diluted product with sodium 
carbonate and extracting with ether. It crystalhzed fiom hgrom in colourless 
needles M P 61® Yield, 4*7 g. from 6 g of the acid Claus and Brandt 
(i., 1894, 262, 106) previously obtained this ester by the process of heating the 
silver salt with methyl iodide in a sealed tube at 100® 

0L,pJu>nyUy,qu%nol%noyl-p-3 4, methylene du)xy-phenyl eihylamxde 


CM, 



The methyl ester (4*8 g ) and homopiperonyl amme (3-0 g.) were heated 
for ten hours on the steam-bath The amide began to separate out after five 
hours. On cooling, the hard brown mass was powdered and washed with small 
amounts of ether The white residue was dried and crystalhzed from excess 
of boihng alcohol in which it was sparingly soluble Colourless lectangular 
plates M.P 186® 

17 76 mg. gave 49-13 mg CO, and 8 61 mg H,0 18-66 mg gave 1 167 c.c. 
of mtrogen measured at 763-9 mm and 33® 

Found C, 76 44, H, 5-32, N, 7 06 per cent. 

CuH,o 08N, requires C, 76 71 , H, 6-09; N, 7-07 per cent 
The anude behaved as a very feeble base and was quite insoluble in amds. 
Attempts to prepare the hydrochloride, picrate and methiodide were unsuooess- 
ful, only unchanged materials being recovered. This is obviously to be 
explained by the acidic influence of the phenyl group in 2, position in the 
quinoline nng. 
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a.,phenyl-qutnolyl-y,l-6 7-methyUne dtoxy-3,4,dthydro-tsoqutnohne 


CHa 



The amide (1 86 g.) was reflaxod with pliosphorus oxychlondo (10 o c ) 
in boiling toluene (16 c o ) for three hours at 130° -140° The reaction mixture 
waa cooled, diluted with petroleum ether and allowed to stand for one hour 
and the clear supernatant liquid decanted off Tlie red gniimiy residue was 
taken up m water (40 -60 c c ) containing a few drops of hydrochlono acid 
and the deep red aqueous solution extracted with ether to remove traces of 
toluene and any non-basic matter The ether-free solution was cooled 
strongly and basified with liquor ammoma The cbhydro*iBoqumolme which 
separated as a white powder was collected and crystaUized from dilute alcohol 
It separated slowly m short rectangular plates, molting at 167° Yield, 1 6 g 
It dissolves like the other two bases of this group readily m cold dilute 
acids with a characteristic yellow colour which changes to deep red with 
excess of acid The base exhibits a feeble greenish Suorescence in dilute acid 
solutions. 

23 63 mg of the base gave 68 36 mg of COg and 10 48 mg of HgO 21 74 
mg gave 1 472 c c of Ng at 34° and 761 mm 
Found C, 79 21 , H, 4-96 , N, 7*63 per cent 

CgoHigOgN* requires C, 79 34, H, 4 80, N, 7 41 per cent 
The platmtehlonde was obtamed as a canary yoUow precipitate which did 
not melt but decomposed above 290° 

0*24933 g gave, on igmtion, 0 06067 g of Pt 
Found Ft, 24 30 per cent. 

CjgHigOgNg HgPtClg requires Pt, 24 77 per cent 
The hydrochlonde separated from absolute alcohol m golden yellow flakes, 
M P 206“ It IS extremely hygroscopic. 

0 3307 g. of the salt required 64*10 o o. of 1 108 N/60 sodium hydroxide 
solution. 

Found d, 16 23 per cent. 

CggHjgOgNg 2HC71 requires CSl, 16 71 per cent 
The base is diamdio m its platmum salt and its hydrochlonde. 

The pterate crystallized from acetone-alcohol mixture m hard prisms, 
melting at 211° (deoomp.). 



206 B S ALAMELA & B B DEY STUDIES IN THE ISOQUINOLINE SSBIBS 


23*73 mg gave 2 332 op of at 32® and 769 mm 
Found N, 10 99 por oent 

C26H18O2N2 C8H8O7N8 requires N, 11 63 per (wnt 
The methxodxde separated from absolute alcohol m yellow needles 
M P 286® (decomp.) 

16 17 mg of the methiodide gave 36 32 mg of CO2 and 6 14 mg of H2O 

0 0923 g. gave 04066 g of Agl 

Found C, 69 68 , H, 4 22 , 1, 23 8 per cent 

C26H18O2N2 CHal requires C, 69 99 , H, 4 07 , 1, 24 4 per cent 
The base is monoaoidic in its piorate and methiodide 

Reduction with zinc and sulphuric acid 

The dihydro base (1 g ) and zinc spangles (3 g ) were suspended in water 
(30 c c ) contaming copper sulphate (0 06 g ) The mixtuio was kept warm at 
60°-60° and pxmcentrated sulphuric acid (2 6 c c ) gradually added m the 
course of two hours The deep orange yellow solution became almost colourless 
in 20 minutes It was allowed to remain at 60° for a further half hour and 
filtered hot from the excess of zinc The filtrate together with the washings 
was cooled, baaified with liquor ammoma and the precipitate collected and dried 
in vacuum The dry residue containing morgamc matenal was extracted with 
ether or hot benzene A pale yellow oil which sohdified to a cnsp sohd was 
obtamed Ciystallized from ether, the tetrahydro base separated in brittle 
flakes meltmg at 92®-94®, with softening at 82®. 

16 06 mg gave 46 26 mg of C08 and 7 81 mg of water 
Found. C, 78 69, H, 6 41 per cent 

C26H80O2N2 requires C, 78*93 , H, 6 30 per cent 
The hydrochlonde, which is hygroscopic, smtered at 200® and melted 
completely to a clear hquid at 226® 

0 1033 g requires 17 6 0 0 of 0 6348 N/26 sodium hydroxide solution. 
Found: Cl, 16*34 per oent 

C25H20O2N8 2HG requires Q, 16 64 per oent 
The picrate, prepared m the usual way, crystallized from dilute acetone 
in irregular plates, melting at 200®. 

21*79 mg of the piorate gave 2*193 00 of Ns at 34® and 769 mm 
Found N, 11 19 per oent 

C26H20O2N2 C8H8O7N8 requires N, 11*49 per cent 

SUHMABY 

A new series of isoqmnohnes with a quinoline nng attached to C-atom 1 
m the isoqumohne nng have been synthesized They are colouriess, crystalline 
bases which form deep yellow salts with mineral acids, picno acid, cmd methyl 
iodide The a,qumolyl-isoqumoline is exclusively monoamdio, whereas the 
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y^qumolyl-isoqumolmes are diacidio m their salts with mineral acids A study 
of the therapeutic properties of these and other similar compounds under 
mvestigation is in progress 

Fbbssdkkoy CoLLica^ 

Madbas, 

2701 Noomber, 1939 




STUDIES IN THE ISOQUINOLINE SERIES 
Part VII CYOLORaxYL-MuTHYL IsoquiMOLuncs 
% B B Dky and P R Vbnkataraman 
(Read January 2, 1940 ) 

Papavenne has been largely used as an antispasmodio Owing to the 
restnotions placed by the state on the manufacture of morphmo, it appeared 
at one time that the amount of papavenne available from natural sources for 
meeting cbnical demands would be inadequate Accordingly vanous synthetic 
products have been placed on the market for climcal use which have a close 
resemblance to papavenne in constitution and pharmacological action 

The following are some of the most im|>ortant antispasmcxhcs which have 
been placed on the market — 

(1) Eupapivenne (2) Perpann 


CH CH 



Bntish Patent, 348966 French Patent, 719638 

Gkem Zenir , 102, II, 1196 (1931) Chem ZerUr , 104, II, 740 (1932) 
(3) Neupavenne (4) Octavemne 



German Patent, 618006 7®0826 


VOL. VI-nNo. S. 


[Pnbitihed July nth. 1940. 
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(6) 3,keto-4, benzoyl-3, 4-dihydrobenzoxazine-l 4 Bntiflh Patent, 

370360 (Hnixsh Ckem Abstracts, B , 1932, 786 ) 

(6) Syntropan The tropic acid eater of 3-diothylainmo-2,2-dimethyl 
propanol-1 Fromherz, Arch ExpH Path Phanmalcol , 1033, 173, 86 


(7) Ethyldi-j3-phenyl-ethylamme 
US Patent, 2006114 



(8) Ootin — ^the acid tartrate or hydroohlondo of N, 1, 6, tn methyl liexenyl- 
4, amine German Patent, 617636 

(9) Transentin — diphenyl acetic acid ester of /S-diethylammo-ethanol 
Meier, KUn Wochschr , 1936, 16, 1403 

(10) Jwendal — tnbutyl acetamide {Arch Exptl Pathol Pharmakol , 
1937, 186, 662 ) 

(11) Sestron — the hydrochlonde of ethyldi-y-phenyl-propylamme Kulz 
and Bosenmund, Kltn Wochschr , 1938, 17, 346 

Recently, Blieko and Monroe {J Amer Chem Soc , 1930, 61, 91) have 
synthesized methyldi-jS-cyclohoxyl-ethylamines which have proved to be 
strong antispasmodics They may be formulated thus . 

CHj OT CHj 

cij Jhj k CHs 

CH*/ 


CHg 



tlo u 


Although these compounds are obviously different from papaverme, they 
still bear an mterestmg relation to the completely hydrogenated papaverine 
molecule with the isoquinolme nng ruptured Blioke and Zienty {tbtd , 
p. 93) have synthesized methyldi-oi-oyolohexyl-ethylamine, 

CH, CH(C«H„) N-CH(CaHii) CH„ 



which also shows equally strong antisposmodio properties 
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In the hght of those oxpenments, it was hoped that polymothylono 
compounds substituted in position 1 of the l,2,3,4-tetrahydro-i8oquinolmos 
should prove to be strong antispaamodics Accordmgly, syntheses of the 
types of compoimds A, B, and C, shown below, were undertaken 



I I I 

CH* CH CHg 

1-Cyclohexyl tsoqu%noline. 

The scheme outlined below represents the vanous steps m the synthesis 
of 1 -cyclohexyl isoqumoline ' 
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CH, 




CHj 

/V V 


N 

C^8 

ck* ckj 

^ch/ 


"<0 


Zmo 

H8SO4 


^ CHa 

k'h 


CH* 

Jh 

CH^ ^2 

ck* CH* 
^CH*'^ 


Cyclohexyl malomo acid was prepared by the reduction and hydrolysis of 
ethyl cyclohexyhdeno oyano-acotate obtained by the condensation ol cyclo- 
hexanone and ethyl cyano-acetato (Harding, Haworth, and Perkin, J Cheim 
<8oc , 1909, 98, 1943, Vogel, J Chem Soc , 1928, 2023 ) 

The malonic acid was heated under reduced pressure 111 an oil bath when 
decarboxylation took placo and the oyelohexyl acetic acid distilled over 
This was converted by treatment with thionyl chlonde into cyclohexyl-acotyl 
chJondo which, m presenoe of aqueous alkali, reacted with homopiperonyl 
amine to give cyclohexyl-acetyl-j3*3 4,mothylenedioxy-pbenyl ethyl anude 
(MP 128“) 

The amide, in presence of phosphoryl chloride in boiling toluene, gave 1, 
cyclohexyl-methyl-6 , 7,methylenodioxy-3 . 4,dihydroi8oquinoline M P 100“ 
The hydrochlonde in a dilute solution exhibits a strong blue fluorescence 
Reduction of the base with zinc spangles and sulphuric acid gave the tetrahydro 
base which could not be orystaUized successfully, probably owing to its low 
melting pomt The tetrahydro base gave a sparingly soluble hydroohlondo 
which showed only a very feeble fluorescence in a large volume of water 
The reduced base gave a stioky benzoyl derivative which could not be 
crystaUized The p-mtro-benzoyl denvative, however, was prepared m a 
pure crystalline condition 

Hxpenments are in progress with cyclohexane carboxylic and dekalin 
carboxylic acids 

Experimental 

Cyclohexyl acetic acid was prepared from cyclohexanone according to the 
scheme outlined below : — 
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CO 


-CO 


\ 


I I +CN CH, COOEt — ►CHa C — C 

*^* \/^* ^CH*— CHj/ \c00Et 

yCH*— CH,. .CN XOOH 

. Eeduotion CH* CH— CH — ►CjHn— CH 

\xX)Et \X)0H 


— CO* 


. CaHn CHj.COOH 


Preparation of oydohexyhdene cyano-acdate 

(Harding, Haworth and Perkin, Joum Chem Soc , 1908, 93, 1043 ) 
Equimolecular proportions of cyclohexanone (9 8 g ) and ethyl cyano- 
acetato (113 g ) wore mixed with a few drops of pipontlme and lUowed to 
stand for a few minutes Condensation takes place readily with the separation 
of water 

The product was heattnl on the water bath for two hours, diluted with water, 
and extracted with ether The other extract was washed with dilute hydro- 
chloric acid, dried over anliydrous calcium chlondo and the solvent removed 
The pale yellow oil was distilled under reduced pressure (166®-67716 nun ) 
I6I712 mm 1 4974 (Vogel, Joum Chem Soc , 1928, 2023) 

160‘’-63716 nun (Lapworth and MacBae , Joum Chem Soc , 1922, J2J, 
2764) 

I6I71O mm = 149670 (Birch, Kon and Noms, Joum Chem 
Soe , 1923, 183, 1373) 

Ethpl r-cycUJiexyl eyano-acetaU 
(Vogel, ibid , 2023 ) 

The unsaturated ester (10 0 g ) was reduced with moist alumimum amalgam 
(16 0 g ) , there was a penod of induction of about three hours and the reaction 
was complete after muft hours, when the product was worked up m the usual 
fashion and distilled Ethyl-r-oyclohexyl cyano-aoetate (8 6 g.) pa ss e d over 
at 144-46/14 mm. The viscid residue was dissolved m methyl alcohol and 
the solvent evaporated m vacuum over concentrated sulphuno acid and traces 
of unpunties removed by extracting with boiling light petroleum, when it 
melted at 87**. It was the bimoleoular product, 
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CN 

/ 

C6Hio>C-CH 

^COOEt 

CN 

CbHio>C-CH'^ 

\ 

COOEt 

The liquid reduction product, on redistillation, boiled at 145714 mm 
and had 1-4612 

Cyclohexyl malonte acid 

(Vogel, Joum Chem Soc , 1928, 2023 ) 

A solution of ethyl cyclohexyl cyano-acetate (20 g ) in rectified spirit (40 g ) 
and a solution of potassium hydroxide (30 g ) m water (60 c c ) was refluxed 
for 18 hours and ovaiwrated to dryness An aqueous solution of the residue 
was shaken with other to remove unchanged siibstanoo, acidified and the 
precipitated acid filtered The acid mother liquor, on extraction with ether, 
yielded some more of the acid M P 178° The yield was nearly quantitative 
The acid was purified by dissolving in NuHCOb solution and precipitating with 
HQ 

Cydohexyl aceite ae%d 

Cyclohexyl malonic acid (6 g) was distilled under reduced pressure 
from an oil-bath, when decarboxylation took place The acetic acid distilled 
at 117°/6 mm Yield, 2 g A considerable amount of a non-andic matenal 
was loft behmd in the flask, which was not investigated (Cf Hope and 
Perkin, Jwim Chem Soc , 95, 1364, they report the preparation of the acid 
in good yields by keeping the malonic acid at 180°, but do not record the 
formation of the non-acidic substance ) 

CydohexyUacetyl-pS 4-methylenedwzy-phenyl ethykmxde 



tls UHb 



B B DBY & P B VHKTKATABAMAN STUDIBS IN THE ISOQUINOLINK SHBIES 216 


Cyclohexyl acetic acid (2 66 g ) was carofiilly mixed with thioayl chloride 
(1 86 c c ) when a vigorous reaction set in with copious evolution of hydrogen 
chlonde The reaction was completed by heating the mixture on the steam- 
bath for half an hour The syrupy liquid was added in small portions to an 
ICO cold emulsion of homopiporonylamme (3 0 g ), m a solution of 10 per cent 
potassium hydroxide (20 c c ) with vigorous shaking after each addition After 
the addition was complete, the piodiict was allowed to stand in an ice-bath 
for 10 minutes and filtered The residue was thoroughly washed with petroleum 
ether and dned in vacuum desiccator The dried amide crystallized from 
alcohol (charcoal) in fine, long needles meltmg at 1 28® Yield, 4 9 g 

16 36 mg of the amide (dried in vacuum) gave 0 760 c c ‘ N2 ’ at 32° and 
763 mm pressure 

Found N, 6*23 per cent 

C17H23O8N requires N, 4 86 per cent 

17 10 mg gave 44 44 mg of COg and 12 73 mg of H^O 

Found C, 70 87, H, 8 27 per cent 

C17H28O8N requires C, 70 66, H, 8 02 per cent 

l-Cyclohexyl-6 7-methylenedu>xy-3 4-dthydrotaoqutnoltne 


CHj 


<: 



!n 


c 

I 

(JHj CH 

\CH.- 


-CHg/ 


The above amide (2 0 g ) was suspended m dry toluene (16 0 c ) and 
phosphorus oxychloride (10 c o ) added The mixture became warm and was 
then refluxed for 2^ hours at 120°-130° The fluorescent toluene solution was 
cooled and petroleum ether added till there was no more separation of a 
crystaUine precipitate. The precipitate was collected at the pump, washed well 
with petroleum ether and treated with 16 c c hot water containing 2 6 c 0 
concentrated hydrochloric acid. The hot solution was filtered, cooled and 
ether extracted The acid layer was freed from ether by warming on a water- 
bath, cooled to 0“C , and basified with hquor ammoma. The base separated 
as an amorphous powder on standing When the base was crystallized slowly 
from dilute alcohol, it separated m long silky needles Yield, 1*6 g. M.P. 100°. 

The base dissolves easily m alcohol and moderately m benzene and ether. 
When whakftn with water, it exhibits a bright blue fluorescence. 

18 37 mg (dried in vacuum) gave 0 87 c c of mtrogen at 31*6°C and 
766 4 nun. pressure ; 22 98 mg gave 63 12 mg of CO^ and 16*66 mg. of H^O. 

6 
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Found C, 74 91, H, 8 01, N, 6 30 per cent 

C17H21O2N requm« C, 76 23, H, 7 81 , N, 6 16 per cent 

The plaitntchlortde 

The base (06 g) was dissolved in 3 c c hyrlrochloric acid (1 1) and 

treated with a Bolution of 6 per cent ( hloroplatmie acid till there was no more 
preiipitate formed The light yellow amorphous sohd was coUeeteil at the 
pump, washed well with water, and then with a little dilute alcohol After 
drying in the steam oven it melted at 204° (detomp ) 

44 3 mg of the platinum salt (dried in vacuum at 100°) gave 9 287 mg of 
platinum 

Found Pt, 20 96 per cent 

(Ci 7H2 i 02N)2 H2PtCl2 requires Pt, 20 49 per cent 

The hydrochlonde 

The base (0 1 g ) was rubbed with concentrated hydrochloric acid (1 c c ) 
and kept overmght m vacuum The solid was crystallized from hot absolute 
alcohol which depositwi gUstoning plates molting at 188°-189° The salt is 
very hygroscopic and becomes sticky on exposure to air for a few minutes 
Its solution in water exhibits a mild blue fluorescence 

38 44 mg (dned in vacuum) required 6 4 c c of 1 108 N/60 NaOH 

Found Cl, 11 04 per cent 

C17H21O2N HCl requires Cl, 11 6 per cent 

The p%craie 

The base (0 1 g ) was dissolved in dilute hydrochlonc acid (3 0 c ) and 
a concentrated solution of picnc acid was added The picrate was collected 
at the pump and crystallized from acetone Short, stout needles melting 
at 162° 

16 92 mg gave 1 64 c 0 of nitrogen at 763 mm pressure and 32°C 

Found N, 11 16 per cent 

C17H21O2N C8H8O7N8 requires N, 11 10 per cent 

l,Cydohexyl-6 7,methylenedioxy-l 2 3 4,tetrahydro-vsoqutnoltne 

The dihydro base (1 g ), zmc spangles (3 g ) and copper sulphate (0 06 g ) 
were taken m water (36 c c ) and concentrated sulphuric acid (3 c 0 ) added in 
the course of an hour to the mixture heated on a water-bath Heating was 
contmued for another hour after addition and the product filtered hot The 
residue was treated with boiling water thnce (10 0 0 each tune) and filtered. 
The combined filtrate was cooled and basified with excess of ammonia The 
sticky precipitate was extracted with ether, the extract dned over anhydrous 
potassium carbonate and the solvent removed The residue that was left 
was also sticky and could not be crystallized successfully. It was therefore 

6b 
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converted into the pure hydrochlonde by dissolving in dilute hydrochlono 
acid, evaporating the solution to dryness on a water-bath and crystallizing 
from dilute alcohol It separated in plates, meliuig at 214° 

The hydrochlonde is spanngly soluble in cold but dissolves readily in hot 
water, the solution exhibiting a blue fluorescence 

39 21 mg (dried at 100°) requm*8 6 7 c c of 1 108 N/60 NaOH 
10 12 mg gave 0 614 c c of mtrogen at 769 9 mrn and 33°C 
Found Cl, 11 43 , N, 4 60 per cent 

Ci 7H2402NC1 requires Cl, 11 47, N, 4 62 per cent 
The p-nttrobenzoyl denvalwe was prepared by susiiending the reduced 
base (0 1 g ) in 10 per cent potassium hydroxide solution (6 c o ), adding p- 
mtrobenzoyl chloride (0 6 g ) m small quantities and shaking vigorously 

The separating solid was collet tod, washed well with tUlute alkali and then 
with water, dried, and the sohd triturated successively with small amounts ol 
petroleum ether and dry other The residue t rystalhzod from boihng alcohol 
m ghsiemng plates, melting at 164° 

20 84 mg (dried m vacuum) gave 1 246 c c of lutrogen at 769 7 mm 
and 32°C 

Found N, 6 69 per cent 

C24H2«05N2 requires N, 6 63 per cent 
The pxcraU, prepared in the usual manner, crystalhzed from dilute alcohol 
in felted leaflets, melting at 178° 

16 00 mg gave 1 443 c c of mtrogen at 761 3 mm and 31 °C 
Found . N, 11 08 per cent 

Cj 7 H 2802 N CjHjOyNj lequires N, 11 16 per cent* 


PSESmBNOY CoujgQB, 
Madras, 

aOih November, 1939 




STUDIES IN THE ISOQUINOLINE SERIES 

PABT VIII l,l'-BlS-TETRAHYDB0-I30QUIN0LniBS 
By M B Dbt and T B Goyindaohabi 
(Read January 2, 1940 ) 

As early as 1896, Hames and Eschenbach (Ber , 1896, 29, 380), while 
reducing benzybdeno acetone with moist sodium or aluminium amalgam, 
observed the formation of a dimoleeular reduction product with a coupling 
at the /3-position, thus 

CaHjCH CHCOCHa CeHs CH CHg CO CH« 

CaHjiHCHaCOCHa 

Hames and co-workers (Ann , 1897, 29, 380, Bcr , 1898, SI, 1806 , Ann , 1904, 
SSO, 236) extended the study of these reductions to benzylidene acetophenone, 
moth}/l cyclohexanone, phorone, mesityl oxide and other similar compounds, 
and in all these cases obtamed evidence of the formation of dimoleeular 
reduction products 

Higginbotham and Lapworth (J C 8 , 1923, 129, 694) have advanced 
the adsorption theory to account for the foimationof these dimoleeular 
products A part of the molecules are supposed to be first adsorbed, and 
these then attacked by the other molecules still in solution Two layers of 
simple molecules would then be formed one above the other, changing ulti- 
mately into one layer of double molecules by readjustment of electrons m the 
whole complex system made up of the molecules as well as the metal and 
the solvent Alternatively, the individual molecules of the interacting pairs, 
which be side by side, form port of the layer of molecules directly attached to 
the metal, and by subsequent readjustments of electrons in the systems, 
umte in pairs 

Israel Vogel has accepted the above theory as the most feasible, and as 
a result of a number of investigations on the reductions with alumimum 
amalgam of compounds of the type CRiRg = CRsRi, where Rj, R* are groups 
or nng systems, and R 3 , R 4 are H, CN, COOEt or COOMe (J C 8 , 1927, IM, 
694, 1986, Jnd, 1928, pp 1017, 2010, 2032), has arnved at certam general 
conclusions as follows — 

1 The extent to which dimoleeular reduction products are formed 
depends on the groups Bj, R* The larger the volumes of these 
groups, the less the chances of dimoleeular products being formed 
2. Other c on ditions being comparable, the nature of the compounds 
formed «»- nd their yields are controlled by the thickness and 
therefore the surface of the al umim u m foil 
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Tho reduction of substituted 3 4 dihydro-isoqumobnes with aluminium 
amalgam, dosonbed in this communication, was undertaken with a view to 
study if such dimolocular products were formed at all dunng tho reduction 
of tho C = N linkage, and if so, how far the yields of those products were 
controlled by tho nature and volume of the substitutent attached to C>atom 
in position 1 

Norhydrastimne (6 7-methyleno-dioxy-3 4-dihydro-i8oquinoline) gave 
only about 16 per cent of the dimolecular products (l,r-bi8-norhydrohydra- 
stiiuno) and about 66 per cent of the normal tetrahydro base, riorhydrohydra- 
stinino, while 1 mothyl-norhydrastmino gave as mu( h as 60-70 per cent of 
1,1' bis-mothyl-norhydrohydrastinmo and only 6-10 per cent of l,methyl- 
norhydrohydrastinmo On tho other hand, with l,phenyl-norhydra8tinmo, 
the normal reduction product, l,phenyl-norhydrohydra8tinjne apjieared to 
bo exclusively formed (nearly 96 per cent), no evidence of the formation of 
any dimolocular reduction prcaluct being found Again, 1-lxuizyl norhydra- 
stimno gave 60 per cent of tho dimolecular compound (l-l'-bis-benzyl nor- 
hydrohydrastmino) and 30 per cent of the monomolocular product, 1-benzyl 
norhydrastinmo 'fhe analytical data for tho latter comiiounds are not yet 
complete, and this, together with the reduction of l.cyclohexyl-, and 
1, cyclohexyl methyl-norhydrastinme, will fonu tho subject of a later 
communication 

Tho reduction of tho various isoquinolmes studied in this paper is 
represented m the following scheme — 



[X * H or CHs or CjHj or CflEj CH J 


CX 


(III) 
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Norhydrastinin,©, and the 1, methyl- and 1, phenyl-don vatives appear to 
have been Hynthesised by Decker an<l Becker (Ann , 1913, 3ffS, 313), but 
complete details have not boon given by the authors They are now described 
m full 

Expemmental 

The alumimiim amalgam lequircd in these reductions was prepared 
according to the method of Vogel (J C S , 1027, p 697) with the difference 
that a 06 per cent instead of a 2 per cent solution of inorcuiic chloride was 
used 

Norhydrashntne 

2 gms of homopijjerotiylamino wore dissolved m 10 cc of dry ether 
and treated drop by drop with 0 6 gm of anhydrous formic acid The 
ether was then distilled off, and the ailt heated in a small flask fitted with a 
cork cairying a Ca('l 2 *t'Ube, to 180*" 2<M)° for 2 hours Attt‘r cooling, 8 o c of 
diy toluene and then 4 c i of phosphoryl chloride weix» added and the solution 
was heated on an oil-bath to 120° for one and half hours On cooling, 16 c c 
of petroleum other wore added, allowed to stand for 16 minutes, and the 
tolueno-i»etroleum ether Liyoi decanted off The giiiniuy residue was dissolved 
in water, extracted with other to remove non-basic* impurities, cooled in ice 
and basified with caustic soda The oil that separated was extracted with 
lienzene, the benzene extract dried over solid potash and the lienzeno distilled 
off 1 65 gm of cnido norhydrastmmo (M P 83‘’-86") More thus obtained 
Reerystallisation from ligroin gave 1 4 gm of the pure product M P 90"-91“ 

Reduction of norhydraatinine with aluminium amalgam 

2 gms of norhydrastinmo wore added t6 2 6 gms of aluminium amalgam 
m 76 c 0 of moist other The flask was fitted with a douWe surface cxindenser 
and cooled m a large trougli of cold water to minimise loss of other The 
evolution of hydrogen was found to cease immediately after the addition of 
the isoqumohne but was resumed after what might be called an induction 
period of 16-20 minutes The i eduction was allowed to proceed for 48 hours, 
a few drops of water being added at the end of 24 hours The other was 
filtered off, the residue ground thoroughly with more ether, and again filtered 
(Residue A ) 

The combined ether extracts loft on distillation, 1 4 gm of a mixture of 
solid and oil This was treated with 10 1 c of rectified spirits, warmed shghtly, 
cooled and then filtered 0 2 gm of a solid was obtained which, after slow 
crystalhsation from acetone, melted at 226"-227° White prismatic blocks 

The aloohoho filtrate gave, on evaporation, 1 16 gm of oil Treatment 
with rectified spints was repeated if there was any sign of solid particles 
The oil g^ve a nitroso-denvative crystallising in flat square plates M P 226° 
This was proved to be identical with the mtroso-derivative of norhydrohydra- 
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Btinine prepared by the reduction of norhydrastmino with zinc and sulphunc 
acid 

Residue A was dissolved in 20 c o of 4N HCl, filtered, treated with alkali 
until the solution remained slightly acidic, and precipitated with picric acid 
The picrate (0 26 gm ) melted at 220®- 221® alter crystallisation from acetic acid 
(ihombic blocks) This was found to bo identioil with the picrate of the 
comjiound, M P 226®-227°, obtained from the ethereal solution and it could 
be converted mto the free base in the usual way 

1-1', hxa-norhydrdhydraatxnxne, {III, X = //), M P 226°-227° 

16 63 mg of substance dnod in vacuum gave 1 2261 c* c of mtrogeii at 
33° and 767 6 mm pressure 
Pound N, 8 19 per cent 
C20H20O4N2 requires N, 7 90 jjor cent 
The platxnxchhnde, M P 299® (docomp ) 

0636 gm gave *0091 gm of platmum 
Found Pt, 16 97 per cent 
[C2 oH 2 o 04N2]2 HjPtClj requires Pt, 17 6 per cent 
C20H20O4N2 H2PtCl« requires Pt, 26 76 per cent 
The nxtroao-derxvaixve Thick rhombic needles from alcohol M P 218° (d ) 

11 42 mg gave 1 1792 c c of N2 at 28® and 764 3 mm 
Found N, 11 79 per cent 
C2oHi80(jN4 2 H 2 O requires N, 11 66 pei cent 
Benzoyl derxmtxw Clusters of tiny rhombic needles from alcohol M P 263° 
Pxcrate Crystallised from acetic acid as thick rhombic plates M P 220°-221° 
(docomp ) 

Methxodxde, M P 226° — sparingly soluble m alcohol, unlike the methiodide of 
norhydrohydrastimne 

1, methyl-6, 7-meihylenedxoxy-4, 6-dxhydrox9oquxndxne 

2 gms of homopiperonylanune were dissolved m 10 c 0 of dry ether, 
and treated with 1 6 gm of acetic anhydride drop by drop The ether was 
then distilled ofiF, and the thick oil left bebmd was treated with 8 0 0 of dry 
toluene and 2 0 0 of POC18 and kept at 120°-130° for one and a half hours 
After coohng, 20 0 c of petroleum ether were added, allowed to stand for 10 
mmutes and the toluene-petroleum ether was decanted off The gummy 
residue was dissolved in 30 0 c of water, and extracted with ether to remove 
non-basic impurities The acid solution was then stron^y cooled and basified 
with caustic soda The oil that separated was extracted with benzene dried 
over caustic potash and the benzene distilled off The oil that was left behind 
sohdified immediately Yield, 21 gm MP. 81®-^° raised to 92° on 
orystallisation from ligroinr 
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Bediidton of the above xaoquvndlme vnth aiuTMntum anuUgam 

2 gms. of the isoqtunobne were added to 2 5 gms. of aluminium amalgam 
m 76 0 0 of moist ether and the expenmont conducted in the same way as 
with norhydrastmine Shiny white crystals began to separate soon after the 
imtial penod of mduction, during which hydrogen ceased to be evolved, was 
over, hut the reaction was allowed to proceed as usual for 48 hours 

The Bohd residue m the flask was filtered from the ether, ground up 
thoroughly with more ether, and again filtered (Residue A ) The collective 
other filtrates left on distillation a mixture of solid and oil This was treated 
with about 10 0 c of rectified spirits The oil dissolved, and the undissolved 
sohd was filtered off This melted at 162“ and after ret rystallisation from 
acetone, melted at 166“ Rhombic plates Yield, 0 1 gm It is practically 
insoluble in cold alcohol and dissolves sparmgly in benzene, ether, hgroin, 
and more readily in hot acetone and chloroform 

The alcoholic filtrate gave, on evaporation under reduced pressure m a 
desiccator, only 0 1 gm of an oil which readily formed a Hjiaringly soluble 
hydrobromido, M P 268“, and a picrate, M P 186“ identunl with the hydro- 
bromide and picrate respectively of l,methyl 6,7-mcthylcne dioxy-1,2,3,4- 
tetrahydroisoqmnohne 

Residue A was ground up in a mortar with 30 c c of 8N HCl, filtered, and 
the cooled filtrate nearly neutralised with caustic soda solution, and then 
precipitated with picric acid The picrate was collected, washed with water, 
ground up with 20 o c of 8N HC3, and the liberated picnc acid removed by 
repeated extraction with ether The aqueous layer was then strongly cooled 
and basifiod with ammonia, the precipitated base was filtered, washed repeatedly 
with distilled water, and then with cold rectified spuit Yield, 1*2 gm 
MP 164“, after softening at 162“ Recrystallisation from acetone gave 
rhombic plates, M P 166“, identical with the solid obtained from the ethereal 
filtrate 

l-l'fits-methyl-norhydrohydrasttmne, {III, X = CHs), M P 166° 

16*98 mg of substance gave 40 94 mg of COg and 9 29 mg of HgO 
22 38 mg of substance gave 1 623 c c ot Ng at 38“ and 766 3 mm 
C 22 Hg 404 N 2 requires C, 69 47 , H, 6 32, N, 7 37 per cent 
Found C, 69 87 , H, 6 48 , N, 7*46 per cent 
CggHgiOgNg requires C, 69 47, H, 6 32, N, 7 37 per cent 

Ptcrate Laminated crystals, M P 164“ 

10*36 mg gave 1 216 c c of nitrogen at 32“C and 760 8 mm 
Found N, 13 14 per cent 

OggHsoOigNg (dipicrate) requires N, 13 37 per cent 
The nftroso-denvaitve 

0*2 gm of the bis-isoqmnoline was dissolved in 6 o c of HCl, cooled in % 
freezing mixture, and treated with 6 drops of a saturated solution of KaNOg 
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With stirring The white solid which separated was filtered quickly, washed 
thoroughly with cold distillwi water, and dried in a vacuum desiccator over 
CaCl2 It was crystallisoil from a small amount of hot acetone, avoiding 
prolonged boiling 

M P 160®, with decomposition and evolution of gas 

23 53 mg gave 2 6876 e c of nitrogen at 36° and 766 76 mm 

Found N, 12 54 per ( ent 

C22H2iOaN4 (dimtroso-derivative) requires N, 12 76 per cent 
The platinichlonde, M P 240° 

0961 gm of platimohlorida gave 0168 gm of platinum 
Found Platinum, 16 44 per cent 
(^22^*241^4^2)2 H2PtCl(j loquires Pt, 16 67 pt*r tent 
(122*12404^2) H2PtCI® requires Pt, 24 71 jier cent 
Although them aie two basit nitrogen atoms in the bis-isoquinohne molecule, 
the analytical valutis for platinum iiuhcate that two such bis-isoquinoline 
molecules have combiuetl with one molecule ot H2PtCl(j, as if it was a mono- 
aoid base 

I ,phenyl-norhydrasttmne 

2 gms of homopqK'ronylamino were bonzoylated in the usual way and 
gave 3 0 gms of pure ben/oyl homopiperonylamme after crystallisation from 
rectified spirits MP 119°-120° 

3 0 gms of benzoyl homopijieronylamine were heated with 8 c c of P0C18 
on the boiling water-bath tor one and a half hours and then poured on to crushed 
ice The solution was filtered, cooled, made alkaline with caustic soda and 
extracted with benzene The benzene extract was dried over solid caustic 
potash and the benzene distilled oft The crude product weighed 2 6 gms 
and melted at 134°-136® Roorystallisation from ligroin gave 2 1 gms of the 
pure isoquinolino M P 138° 

Rediictton of l-phenyl-norhydraettnine totth alumtntum amalgam 

2 gms of the above compound were reduced with 2 6 gms of amalgam in 
76 0 0 of moist ether in precisely the same w^ay as before The usual induction 
period of 6 nunutes was observed also in this case The ethereal solution 
was filtered, the residue ground up with more ether, and again filtered The 
combined ether filtrates gave 1 95 gm of a solid, M P 97°-98°, with only shght 
Hintenng at 96° On crystallising from ligroin, it melted at 98° The hydro- 
chlonde, prepared by rubbmg the compound with aqueous HCl, melted at 
280°-281° The substance was proved to be identical with 1-phenyl-norhydro- 
hydrastmine in all respects Not a trace of the dimolecular product could be 
observed in this case 

PBBSEDaKOT OOLLBQB, 

MAPlUfl, 


IZik D*emb9r, 1939. 



ON THE THEORY OF A SYSTEM OF RECEDING PARTICLES HAVING 
A TENDENCY TO APPROACH THE CENTRAL MASS 


Ry D N Moohe, Research Scholar, Bombay UmversUy 
(Communicated by Piol G S Mahajaiii, Ph D ) 

(Read March 11, 1940 ) 

I Introduction and formulation of the new eqttations of motion 

Milne has given a theory of a system of particles moving within a spheie 
of radius r — ct ai an epoch t such that the speed of any individual piDticle 
increases with the distance The spate (3-dimensional) in which the particles 
are supposed to move is ‘flat’, and it is also supposed to be* dt‘VOid of any 
irregularities as to its structure, it being assumed that the material contents 
are swept away to r = cf The space within the sphtie r = cf, theiefore, is 
homogeneous but not, in general, isotropic , it will be shown below tliat it is 
isotropic only for G{^) = — 1 Hence, such a smoothed out universe is called 
a ‘substratum’ This has been accepted to be a possible form of a woi Id- 
model The theory associated with such a model has been termed the 
Kincmatical Theory of Relativity, and it centres round the following path- 
equations for the system of particles having a motion of recession, viz 

f = (i>-r()Jo({) . (1) 

where 

Z = r=i-Fa/c», f = F = V(**+y*+**). 

V = (u, V, w), ^ «=X tt, etc , the notation being the same as that given by 

Milne These are the equations of motion for the kinematical system regarded 
^ Btdxdydz ,, , , 

as a statistical system with a distribution function > •'b® particles 

movmg away from the observer (who is supiioscd to be situated at 
the centre of the nuclear cluster) with speed moreasing with the distance 
Here, the exphcit assumption is that the attraction of the nuclear cluster on 
this reoedmg swarm of pomt masses is negligible in comparison to the force 
tending the outward motion This uniformly increasing outward motion 
m every direction gives an idea of the homogeneity of structure for the 
smoothed out umverse, but the isotropy of pressure is not, m general, satisfied 
by this model as can be shown by having recourse to a general line-element for 
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Milne’s case This Ime-elemcnt has been shown by Walker ^ to be of the 
form 

(fa* = { F{X) |^(//*- ^ (2) 

f* 

where X = (* — — The condition of isotropy, viz 

(*) 

where 6 is the Ricmannian curvature, and the S’s are the Kronecker deltas, 
and (*11= ~ ^ rcdme to equations of the fonn 

(*> 

which, m turn, leads to the followuig differential equation for F(X), viz 



The complete integral of (6) is 

F = ((iX+6)-i (6) 

where a and b are arbitrary < onstants If in (6) we put 6 = 0 and a = <0 * , 
(2) then gives a line-element for the case 0(i) = — 1 This hne-eloment 
has been termed by Gilbert* as the ‘Metric of the Substratum’ 

Although, in reahty, the condition of isotropy and homogeneity do not 
exactly hold good, this assumption is not very far from the true state As it 
18, it should bo remembered that (1) does not actually represent the motion 
of a system of particles in a slightly inhomogeneous material distnbution in a 
possible foim of a world-model The slight irregularities here and there due 
to the non-homogenoity of the model under consideration are not supposed 
to destroy the property of an isotropic pressure to any appreciable extent for the 
particular cose 0{() = 1 Thus, as a matter of fact, the receding particles 

are attracted by other masses (including the nuclear cluster) which are excluded 
from the ‘ domain ’ forming the statistical system This * extraneous ’ mfluence 
would naturally tend to hinder the outward motion and the recession of particles 
cannot ‘go on’ indefinitely For the purpose of simplicity, let us assume 
that the space r = ef is smoothed out of any inhomogeneous matter except 
the nuclear cluster so that the particles are attracted towards the central 
mass only Let B be the radius of the model under consideration at any epoch 
t, so that B = ct The law of recession at such a great distance is 

Therefore, for r^-^ct we have 

X ^ t t*, F Z Bs t t, ( w 1 , 


( 8 ) 
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where c 




Henoe, the acceleration lormula reduces to 


dt 


0 


( 9 ) 


This would give zero acceleration for any particle of the system, so that a 
thick ‘horizon’ would be formed on the surface of the splieio r =s B So, it is 
natural to suppose that the motion of particles of the non-homogeneous system 
18 reversed after they reach the limits of the model and the modified equations 
of motion for these particles incorporating this tendency to ‘go back’ can be 
expressed as a single vector relation 

~ - (P- rt) 1 0(f)± rzi/(X, 0 (10) 


which IS invanant for Lorentz transformations In general, wo have the 
vector relation, viz 


( 11 ) 


which 18 Lorentz -mvanant provided 2m+n = 3 

It 18 possible to obtain equations (10) from the Principle of Least Action 
The procedure is similar to that used by Walker « We have the vanational 
mtegral, viz 

.. (12) 


where da^Y^dt Let W(X, () = X*(*U(X, f), then (12) can be written as 

sJ(Zl7)dt^0 . . . (13) 

which leads to the following vanational equation 


Let us put 


also, we have 

dt “ 

dt " 

d( 

5" 


2Z, ^ = _2|(<r-z) I o(f)±i rzn(x. fl] . 

r- ^(iz-x) jO(()±^ yzh(x. f)| . 

^ (l-f)(l+Cr)T2rf (p-Yj) 


(14) 
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With the help of these relations, after considerable reduction, (14) reduces to 


that IS, 






(17) gives 


^[log{^(P-K<)}].0. 


f^ = - 

, 


■{p-v^y 


where a is a constant of integration 

The relation (14) can be written in terms of i4 as 


(16) 

(16) 

(17) 

(18) 


or. 


where 


Therefore, 


Hence, 


that is. 


which gives 


dU 

^FYdA ^ 

A dyn 

T.dA 


(19) 

dt '' 


2Z dt] 


’ 

f -I'i.-Fi,. 




(20) 





dV 


Y 

dA 1 dY 

r 1 

dA ^ 

dt 


' AZ 

dl '^2Z dt ’ 



*-Vt 



. ( 21 ) 
( 22 ) 

dr 7 

^^iP-Vt)^G±YZH 


2 MbOHANIOAL PROPBBTTBS of THU NBW EQUATIONS OF MOTION. 

It has been shown b^ore that at a great distance the relations (8) hold 
good and that the acceleration of an individual particle tends to zero For 
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Hinulor considerations the new equations of motion would give the iolJowing 
value for the acceleration at great distances 




(24) 


Here we have put H{X, f) = KX~^0{i) wlieie iT is a constant 
difficult to prove that G(l) = — 1 (24) then comes out us 

(W K 

dt ~ /» 


It IS not 

(25) 


It IS, therefore, quite evident that foi a system of pai tides to have a tendency 
to approach the central mass we must take the upi)er sign only lor the second 
term on the r h s of equation (10) There is, therefore, no loss of goncrahty 
if in place of (10) we take the equation of motion as 

^ - (P- FO X 0(f) (2«) 


If the radius of curvatuie of the tiajcctorios given by (1) is po and p is 
the ladius of curvature of those given by (10), then 


P ^0 


where 


■ XV^ 




(27) 


(28) 


and » =s n(P, V, t) which is positive Hence 

i>i. 

or, 

Po>P 

which clearly mdicates attraction towards the nuclear cluster 
From (26) we can write down the acceleration formula as * 

m) 


on its r h s a sum of two 
I it can be expressed as 


(30) 


The equation (30) oontams on its r h s a sum of two ‘complementary ’ accelera* 
tions gi' and g%, and hence it can be expressed as 

(31) 


where 


-(p- 


^y)x~'zx ZX 


(32) 
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Near a condensation (not neoessanly the central mass), 
etc , and we get 

P-Vt Cr^t_ A7V3 
y* - I P_ I * ^( 1) ( P- Yt 1 3^(1 j 

The second term on the r h s of (34) gives the departure from the inverse 
square law for the system of particles considered here gx and gg 
values given by Milne 

If g% be the component of local acceleration due to gravitation we get 
the force equation corresponding to (34) m the form 

(36) 

where F is the force of gravitation for Milne's case (obe 3 nng the mverse square 
law), and it is given by 

F = ^ ^ ’ if =a (36) 

If p' be the momentum when nuclear forces are present, and|7 be the momentum 
for Milne’s case, then, we have 

(87) 


From (37) and (38) we deduce the relation 

1 d(8p) if JTf 

'zr®®' 

where we put p'—p »■ 8p 


3. FoBOX AXD XNXBGY XQUATIOHS fob THX KXW system op PABTIOLBS, 

The ongm 0 being situated at the centre of the nuclear cluster, the 
acceleration of the receding particles can be wntten as 
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If a oondensatiou w determined by 1 = maxiTn nm, and, if 


gives the inverse square law for the atti action, then as the departure from 
the inverse square law is not considerable in tin* present case, (40) can be 
written as 


dt 




f{(P-70 


Y.KY^'x 
X'^ X* i 




(41) 


where M is the mass of the condensation Let mi be the mass of the iiartiole 
(P, V, t) Then the relation giving the interaction between mi and M under 
the influence of the nuclear forces is given by 


y* L r* J 




L on mi due to Jf is 

\ {p-''y)+S] mm, 

if<iX(f~i)* r*r* 


MoXii^l)^ F* T' 

where the force of attraction on mi due to Jf is 

ifjfi 


(42) 


(43) 


and the time-component correspondmg to Fp [i e , the timc-oomponent of the 
four-veotor {Fp, P«)] is 




' 1 T" 


The energy equation can now be expressed as 


yi yi dt 


(44) 




which with the help of (43) and (44) yields the relation, viz , 

c*Z F - X(c - F) dMi c*M Mi 2K{^p-^Lt)MMi 
(ft “'jlfoZ(f-l)t JfoX*F(f~l)« ’ 


xr» 


z z 

HP^P-V J, 


7 
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The gravitational potential is given by the equation 

d KZ{c~-V)miM 

dt 

If SI j({P, t), then the gravitational potential is determined by 


and 


k 

dP 


I = 

c dt~ 


miM 



i EZ') 


1 ■■■ • 


V 1 dMi 

yl r* di 




^ 

yi y* dt 


(47) 


(48) 


(49) 


Considering the condensation m as a simple pomt-maas just as mi, the equation 
oorrespondmg to (47) would be 




KZ{c-V)mMx 

ifoZ»F(f-l)« 


(50) 


If we put X “ the potential energy P E , MyC* = Ey, Mc^ = E, etc , then (47) 
and (50) give together the energy equation for the pair of two mtoraoting 
partioles mj. and m as 




KZ(c^ V)[fnEi-\-TniE) 
c*jfoX*r(f-i)^ 


(61)* 


Let us suppose that m is the mass of the nuclear cluster, Wi, mj, , m, are 
the masses of the receding particles, if the interaction of the particles amongst 
themselves be neglected, then the energy equation for this system of particles 
surrounding the nucleus of mass m is given by the relation, viz , 


d 

A 


j^2nx+n^+ 2 J 


KZ{c-V) 


m^] E^+B ^ m,. 

r-l r-l 


(>*ifoJ*r(f-l)i 


(62) 


If, however, the mteraction between the pcirtioles themselves is oomparable 
with that between the particles and the central mass, then the energy equation 
for the system oan be written as: 


* It can be verified that 


KZ(c-V)(mB^+mrE) ^^ 

Similar results oan be obtained for the equations (62) and (6S). 
7B 
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5 |^(»+i)x+»+ 2 aJ - 


(n*— n+2) 
2n 


KZ{c- F) I m w, 

c*ifoZ«7(^-l)i 


(63) 


It will be seen that the total eneigy for a pair of two interacting particles 
as given by (61) is negative Similarly, (62) and (63) give negative energy for 
the particular cases considered This negative value for the total energy 
of the three particular oases considered is, perhaps, due to a tendency of 
approach towards the nuclear cluster, present m the slightly non-homogeneous 
system of particles m (an approximately statistical) recedmg motion 


4 Some oonsequenoes SESULTiNa ebom the new equations oe motion 


Ah an example of the tendency to approach towanfe the central mass 
exhibited by the system of particles considered here, lot us take the system 
of particles given by G'(f)4-1'^0, 7-^1, so that (20) is 

simplified to the form, viz , 


^ K 

dt'" <s fs 


. (64) 


This system of particles is oonstramed to move under the influence of the 

( P K 
7 ” ^ 

instead of ^ interesting to study the eleotncal state of this 

system of particles If m is the mass of each particle and e its charge, then the 
equation of motion of a particle of the system takes the form : 

(66)» 

a* 


where F « (Z, 7, Z) is the eleotno force, U the velocity of the oonstramed 

P K 

particle and p is a constant In the {ueseut case, U *■ F— y ^ (66) 

now reduces to 


Therefore, 

p-divZ-^!!^divFj, Fi-F-j, .. .. (67) 
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where ib the density of the oleotrio charge When p is not a function of 
position the equation of continuity ® gives 


From (67) and (68) we got 

which mtergrates into 

P"' - Po' “ 


^+)> dlv Fi = 0 


^+—(>‘ = 0 


e{fd+in log m) 


- log (m+pi), 


.. ( 68 ) 
.. (69) 
. (60) 


where pq is the mitial density of charge The magnetic force B = (a, P, y) 
IS given by 


cwlB — pF2— 


mVx 2Km _ 


2 / 2 ’ 


. (61) 


the other equation remaining the same as m an earher paper by the author 
The mechamcal stress can be expressed as 

F,]j (62) 

The rate at which work is done by the mechanical forces and the flow of 
energy per imit area (Poyntmg flux) are respectively given by 


and 


m+fa rp mKB 


(63) 

(64) 


The pomts of difference between the system of particles considered here 
and the fundamental system (i e , the simple system) considered m a former 
paper can be clearly brought out from the above relations Two points of 
mterest are* (1) the density of electric charge does not tend to zero as /-voo , 
and (2) the rate of change of the magnetic vector per unit time is the same 
for these two systems, although its magmtude is different for the two systems 
It IS a great pleasure to record my grateful thanks to Dr Q S Mahajaut 
for hiB keen mterest m my work 


6 SXTMMABT 

In this paper we have extended Milne’s Kmematical Theory to a system 
of receding particles m a slightly inhomogeneous space with a dense cluster 
at the centre of the sphere me/ This system has, therefore, a tendency to 
l^roach the central mass due to the mutual attraction Equations of motion 
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are obtained for this new system of particles from the principle of least action 
These equations are given by (26) The attraction towards the nuclear cluster 
IS also evident from the relation Pq>p, where p is the radius of curvature of 
the space for the new system and Pq is that for Milne’s case Consideration of 
the energy equation for this system leads to a negative value for the energy- 
function from which it can be surmised that this must be due to the ‘tendency 
of approach ’ towards the central cluster As an example, a system of charged 
particles conformmg to the extended theory is considered and it is compared 
to the simple system of charged particles referred to above 
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LffTEODuernoN 

The first sand filter generally referred te as the slow sand filter was built 
in 1829 by James Simpson for the Chelsea Water Company of London It 
was suooessfal m removing turbidity and in improving the water hygiemoally 
The pnnoiple underlying its action was not understood until some years later 
Very soon however the use of sand filters was made compulsory for all river 
water supplies of Great Bntam 

The Metropohtan Water Board, London, now operate 178 slow and 
secondary sand filters, the total area of which is 176 64 acres The latest slow 
sand filters were constructed at Walton m 1926 Some of these filters have 
been working for almost a century and ‘are still performing yeoman service’ 
(Harold, 1936). In Europe sand filters are quite common and m Germany 
their use appears to be compulsory 

Generally, slow sand filtration is to be preleired to other systems of 
punfioation as it purifies water m one simple process, removes tastes and 
odours due to algae to a marked degree, and ensures the supply of a safe 
water. Govinda Raju (1926-26) seems to prefer this system for India as in 
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his View it does not involve the oontmuous addition of chemicals, as the waters 
of this country are practically free from 8uspende<l matter and as the cost of 
land 18 very cheap 

But tune has shown that slow sand filters in India have not been the 
unqualified success that they have been m England and on the continent 
The weight of opinion is still in favour of slow sand filters (Harold, Ic) If 
in this paper statements are made against their use in India and in the tropics, 
it 18 not our intention to assail its universality It is only to investigate 
and prove that some changes m the method of punfioation are called for in 
view of the varying and vanablo conditions of the tropics 

In several places in North and South India where slow sand filters are 
in use, the presence of H^S has caused considerable anxiety to the water works 
authorities The use of slow sand filters in the following towns have really 
been disappointing At Agra (Stewait, 1933) in North India, at Baroda in 
West India, and at Adoni, Salem, Madias, Beihampiii , Oocanada, Vizagapatam 
in South India (G W F C Reports) the filtrates fiom slow sand filters contain 
HjS in considerable quantities 

It may also bo stated that slow sand filtration is not always an unfiailmg 
method of water purification from all points of view In one case the pre- 
valence of goitre was attributed to inadequate purification by slow sand filters 
Robert McCarnson (1013-1914) in his ‘Enquiry uito the causation of goitre 
at the Lawrence Military Asylum, Sanawar’ lias stated that ‘Another point 
of considerable interest is, that up to the year 1904 sand filters appear to 
have been employed with a view to the purification of the water So ineffec- 
tual were these, however, that their use was abandoned at the suggestion 
of the Chemical Examiner to the Punjab Government, who found that the 
water passed through them was considerably more impure than the untreated 
water’ Further, ‘the provision of a chemically and bactenologically pure 
water is urgent, since apart from goitre, grave epidemics of water-borne 
diseases may at any time attack the people’ 

The present system of slow sand filtration at Madras has not been able 
to produce a potable water (tade vanous Reports of the Government Committee 
on Water and Sewage Punfioation and the penodioal Reports of the Director, 
King Institute, Gmndy, 1934) Two drawbacks noticed m the Madras slow 
sand filters are* (i) the production of H^S m fairly large quantities, and 
(u) the inabihty to supply at all times a water of uniform punty Regarding 
the first Dey and Ganapati (1934) have examined in detail the cause of the 
production of H 2 S and have also isolated the causative organism responsible 
for it It IS now proposed to examine the various physical, chemical and 
biological processes w^oh take place in the Madras slow sand filters with a 
view to obtam an insist into the causes of their failure as an efficient purifica- 
tion j^rooess So this thesis is devoted to a study of the physical, chemical 
and biological conditions of * (1) the sources of the Madras Water Supply, (2) 
the raw water conduit (7*6 miles long) from the Red Hills Lake to the water 
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works at Kilpauk where the slow sand filters are located, (3) the raw water 
prior to slow sand filtration, (4) the slow sand filters and their cfBuent, and 
(5) general summary and conclusion 

Chapter I 

1 The. Chemistry and Biology of the Sources of the Madras Water Supply 

‘Some lake and reservoir waters may bo applied to sand filters m their 
raw state ’ Usually plam sedimentation is allowed to take place for twelve 
hours to three days to allow the suspendc'd pni tides to go down to the bottom, 
the top water being taken to the filters 

In the case of Madras, the sources of water supply are the Kortalayar 
river, Sholavaram Lake and Red Hills I^ike (Fig 1) The water from the 
river is ihverted by means of a low wall put across its breadth at a place called 
Tamarapakkam about 17 miles north-west of Madras The weir diverts the 
river excluding the greater flood discharges from the main river into a channel 
which leads to an artificial lake or reservoir called the Sholavaram Lake, 
wherem the water is stored and slowly sent lower down again by another 
channel into the Red Hills I^ake So the water supply to the city is stored 
in two reservoirs, which also act as efficient settling tanks, as they hold many 
days’ supply They insure an adequate supply of water even in times of 
drought for about a year Certain improvements in the physical, chemical 
and bacteriological qualities of a water arc known to occur as a result 
of storage (Houston, 1914) These improvements seem to take place m 
tropical waters also (Cunningham and Raghavachari, 1920) But in the 
tropics the disadvantages accruing fiom the long storage of water seem to 
outweigh the beneficial effects of storage on account ol algal growths (Fowler, 
1923, King, 1931) 

The real trouble in the case of Madras also seems to be duo to algae 
It IS now proposed to make a brief survey of the important physical, chemical 
and biological conditions of the two lakes, as such a survey will throw useful 
light on the vanous biochemical changes taking place in the slow sand filters 
at Kilpauk, which vnll be discussed in Chapter IV 

The Sholavaram Lake 

It 18 2 miles long, 1 26 miles broad, and has a maximum depth of 10 feet 
At full tank level it has an area of 2 sq miles and a capacity of 683*3 m c ft 
It IS a periodic lake which runs almost dry usually towards the end of the 
south-west monsoon season 

The colour of the water vanes from whitish-blue to yellowish brown 
It IS whitish blue during the cold weather and north-east monsoon season, 
bluish green during the hot weather penod and yellowish brown during the 
south-west monsoon season The temperature of the water is also hifi^ and 
IS nearly uniform from surface to bottom The water is saturated with oxygen 
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dunng the major part of the year Supersaturation also takes place sometimes 
during all seasons of the year Nutrient substances like phosphates, nitrites 
and mtrates are conspicuous by their absence Free ammonia is found only 
in traces, while albuminoid ammonia and oxidisable orgamc matter are found 
in considerable quantities 

The maorophytio vegetation is found in abundance The aquatic 
vegetation consists chiefly of HydnUa verttcellata, VaUtanerta aptralts and 
Potomogeton natana, which are found to cover the entire bottom of the lake 
dunng the south-west monsoon season (June to September) The phyto- 
plankton 18 quantitatively poorly developed It is poor in Diatoms and 
Desmids, while Myxophyoeae is dominant The dominant forms of 
Myxophyceae are Mtcrocyatta aerogtnoaa, Mtcrocyatxa margxnata, Mxcroeyatta 
jtrotocyatta and Aphanothece sp nov The zoo-plankton is also poorly repre- 
sented and consists of 6 forms of Cladocera, one of Copopoda, one of Ostraooda, 
and nine forms of Nematoda 

The bacterial quality of the water is found to vary from season to season 
Glonerally the water is of highest bacterial purity from the sanitary view- 
point dunng the hot weather and south-west monsoon season and of lowest 
purity during the north-east monsoon season 

This lake may therefore be bnefly charactensed as a highly evolved, 
penodio, eutrophio lake 

The Red H%Ua Lake 

The Red Hills Lake which is also of the ‘constant settlement’ type has a 
catchment area of over 23 sq miles and receives water from Sholavaram Lake, 
which in turn is supphed by the Kortalayar nver So the lake thus receives 
water that has travelled over an extensive area and has gathered considerable 
polluting and nutrient material Its catchment area is composed of grazmg, 
agnoultural and waste lands The sod around and at the bottom is composed 
of brown and red ochre earth latente, which consists essentially of iron, sihoa 
and alumina and very little of lime and magnesia (Warth and Warth, 1903) 
Holland (1903) thinks that the relatives of the remarkable genera Gre/nothrxx, 
Cladothnse, etc , which are active agents in the oxidation of ferrous salts, are 
sure to occur m newly-forming laterites. This statement is interesting m 
view of the occurrence of iron bacteria in the lake water and in the filtered 
water chambers of the slow sand filters at Kdpauk 

The lake is 3 5 miles long with a maximum breadth of 2*6 miles and 
mean breadth of 2 0 miles and covers an area of 7 sq mdes at its maximum 
level Its maximum depth is about 25 feet, and its capacity has been estimated 
at 2,162 m c ft 

The water is yellowish green in colour and has a low transparency Its 
shores and bottom are not rocky but are heavdy silted No permanent 
thermal stratification is seen m it but its temperature is high and is ahnoet 
uniform from the sur&oe to the bottom with oiroulation taking place oon- 
tmuously throughout the year The water is soft and alkaline but is extremely 
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poor in nutrient salts like j^osphates and nitrates. It is fairly well saturated 
with oxygen which is nearly homogeneously distributed from the surface to 
the bottom The content of free ammonia is extremely low but the amount 
of albummoid ammonia and of oxidisable organic matter arc great and are 
found in maximum during the end of the south-west monsoon season 

It does not possess a broad zone of httoral vegetation and any distinct 
zonation of plants towards depth Its aquatic vegetation consists chiefly of 
PolomogeUm natana and Na%a8 fiMcdxa Its phytoplankton is not quantitatively 
well developed and consists largely of blue-green algjie Aphanocwpsa elachtaia 
var now and OaeiUaiorta Umnehea Desmids and Diatoms are poorly 
represented 

Bacteriologically the lake water is of fanly good quality Lactose 
fermenters are present in volumes oi water varying from 60 c c to 1 c o and 
upwards and the total oolomes per oo growing on nutrient agar at 37‘’C 
after 48 hours’ incubation varied between 300 and 1 ,800 

Besides these, the lake water is found to contain other ph 3 rsiological 
groups of bacteria such as iron bacteria, HjS producing bactena, colourless 
sulphur bactena, purple coloured, sulphurless an<l sulphur containing bacteria 
and green coloured sulphur bactena All those groups of bactena do not 
occur as such but have been cultured from the Red Hills Lake water The 
existence of iron bacteria can be shown by carrying out a series of experiments 
on the lines suggested by Harder (1914) The presence of bactena capable of 
decomposing sulphur beanng proteins and all compounds contaimng sulphur 
other than sulphates to sulphuretted hydn^n can be demonstrated by inoculat- 
ing nutrient agar containing lead acetate and any one of the sulphur compounds 
with the Red HiITh Lake water Four types of bacteria — a long spirillum with 
three to four windings, a vibno, a bacillus and a coccus — were obtained (Dey 
and Qanapati, 1934) They were able to produce H^S from sulphur, sulphites, 
thiosulphates and cystme but not from sulphate in Buijermck’s protom-free 
medium (Beijennok, 1900) Moreover, none of those bactena produced H^S 
from Van Delden’s (1904) hquid medium The presence of sulphate reducing 
bactena m the lake has already been reported (Dey and Ganapati, 1934) 

As for sulphur bactena, the presence of the colourless one can be equally 
demonstrated by carrying out an experiment dosenbed by Winogradsky 
(Lafar, 1910, and Ellis, 1932) Purple coloured, sulphurless bactena can be 
shown by inoculating Van Delden’s medium with bits of rotting Plumatella 
coUeoted from the raw water conduit and exposing the bottles to diffused light 
for a week A bean-shaped SptnUum almost agreeing with the descnption 
given by Molisch (1907) for Rhodombno parvus has been obtained 

Piuple coloured and green coloured sulphur bacteria have been isolated 
from the lake water making use of Van Kiel’s medium (1931) 

Almost aU the physiologioal groups of bactena mentioned above are 
seen m the effluents or can be culti;^ from the slow sand filters at Kilpauk 
(see Chapter IV) 
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The bottom deposits at the Lake — ^The surface layer of the bottom sediment 
vanes from yellowish to brown, but just beneath it the colour is black due 
to the presence of hydrated ferrous sulphide The black colour disappears 
on exposure to air Exactly similar conditions prevail in the slow sand jQltors 
at Kilpauk The top layer of the filtering medium is brownish and the lower 
portion 18 black due to iron sulphide The formation of black FeS is attributed 
to sulphate reduction (Doy and Ganapati, I e ) 

Chapteb n 

Bxologteal Conditions of the Raw Water Conduit (7 5 miles long) from Red Hills 
Lake to (he Water Works at Kilpauk 

From Red Hills Lake the water flows by gravity to Kilpauk, a distance 
of 7 6 miles 67 ventilators are provided, the distance between two being 
about 1 ,(K)0 ft They are arranged alternately as air inlets and air outlets 
The quality of the raw water was examined only once m 1926 Irom the sanitary 
view-point Samples drawn on the same day from a number of adjacent 
manholes yielded widely vanant results, lactose fermenters varying from 
‘present mice to present in 60 o o ’ (Ganapati, 1926) The entire conduit 
18 water-tight, so that them is no possibility of any sub-soil water entenng it 
(Hutton-Justice Committee Report, 1917-18, p 36) 

Thick patches of brownish sponge-like growth are seen throughout on 
the floor and sides of the conduit just below the surface of the water They 
are found in abundance just near the ventilators This growth is PlumateUa 
Tanganytkae (Roussolet) and is also reported to be present in the Water Works 
of Hamburg, Torquay and Colombo, and m the lakes Tanganyika, Nyassa, 
etc , in Afhoa (Dey and Ganapati, Ic) Entangled in the meshes of this 
growth are numerous Infusors, Molluscs, Rotifers, Protozoa, Algae (Peduuirum 
simplex var radians Lemm , StaurastrUm sp , Pleurostgma sp ), Beggtatoa 
and small worms besides brown hydrated oxide of iron The decayed growth 
nearest to the walls of the conduit is always black The black portions on 
treatment with dilute hydroohlono amd evolve HgS and become brown 
Exposure to the atmosphere turns it brown proving that the black colour is 
duo to hydrated ferrous sulphide Similar black flakes of iron sulphide were 
noticed by Kolkwitz (1918) m the salt water ditches of Artem (Germany), 
beneath the surface of bunches of Rupjna, and he offered the explanation 
based on simple experiments that the process of oxygen consumption by 
aerobic bacteria took place on the surface, creating m the mtenor conditions 
favourable for anaerobiosis Hydrogen suljdude chiefly originated there ‘by 
putrefaction and sulphate reduction, under the influence of the anaerobic 
fission fungi and led simultaneously to the formation of iron sulphide’ 

In the jwesent case, the thick patches of the Polyzoa can be compared to 
bunches of Ruppua and the flow of water in the oondmt must be considered 
slow as the fall from Bed Hills to Kilpauk is 1 m 4600 A similar explanation 
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for the formation of iron sulphide m the conduit suggests itself In order to 
prove that such was really the case, three bottles of 300 t c capacity were 
filled with raw water The first bottle was kept as control, to the second 
some decayed bryozoan growth was added, and to the third some growth, 
0*6 gm of magnesium sulphate, and 0*1 gm of potassium phosphate All 
the three bottles were firmly stoppered, paraffined and kept ui the dark for a 
fortnight. Within a week bottles II and III turned black, but the intensity 
was greater m the third bottle, which on being opened evolved a pure smell of 
sulphuretted hydrogen It is inferred tliat as a result ot the decomposition of 
the added bryozoan growth the free oxygon of water disappoaiod first, whereby 
evidently favourable conditions for the multipUcation of strictly anaerobic 
sulphate reducers originated, resulting in the production of hydrogen sulphide 

Using Van Delden’s medium (19(y4) Beijormok’s SptnUum desulfuneans 
(1895) has been cultured from a bit oi decayed grow'th ot the polyzoa By 
using methods similar to those mentioned at the end of the last chapter colour- 
less and purple coloured sulphur bactoiia and purple colouiod sulphurloss 
bacteria have been cultured 

But a piece of filter paper soaked in alkahno load acetate which was 
hung dady throughout the year 1929 did not turn brown or black on any 
occasion There was practically no production of free hydrogen sulphide in 
the condmt This helps us to decide that ui the filtrates from the slow 
sand filters at Kilpauk is all produced during the process of actual filtration 

Summary 

(1) The water was found to vary baotenologically when samples were 
taken on the same day at different places along the raw water conduit 

(2) The artificial lead from the lake affords highly favourable conditions 
for the growth of Polyzoa contauung several rotifers, mfusors, molluscs, 
diatoms, bacteria and worms besides hydrated iron oxide Sulphate-reducing 
bacteria, colourless and purple coloured sulphur bacteria, purple coloured 
sulphurless bacteria, iron bacteria were cultured from decayed bits of the 
Polyzoa The inner portions of this animalcule are often black due to iron 
sulphide and an explanation has boon offered that it is due to putrefaction and 
sulphate reduction Detached brownish and black pieces have often been 
found ohokmg filter screens placed at inlets to the slow sand filters and on 
the surface of sand, at Eilpauk. 

(3) It IS free ffom ‘free 

Chapter III 

The Quahty of Bow Water pnor to alow mndJUtratton. 

*The character of the applied water has also much to do with the quahty 
of the effluent ind^ndent of its bacterial content’ (Tumeaure and Russel, 
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1929) The chief oharaotenstios of the raw water prior to slow sand filtration 
are briefiy stated below: — 

(а) Physical. 

There was no bad smell m the raw water pnor to filtration at any 
tune during the past twenty-five years As stated already, the colour 
and transparency varied in diiBFerent seasons Suspended matter varied 
from tune to time and was most profuse in the hot weather and south-west 
monsoon season This consisted essentially of polyzoan growths in various 
stages of decay, detachuig themselves from the sides and bottom of the raw 
water conduit Those bits were often foimd to choke the screens at the inlet 
ohambera of the slow sand filters with the result that m course of time the 
screens were oaten away and holes appeared in them The object of placing 
the screens at the inlets to filter beds was thus frustrated. The screens were 
mtended to prevent frogs, crabs, fish, etc , from entering the beds They 
damage the filtering skm formed on the surface of the sand filters 

(б) B%dog%oal 

(i) Bactenologioal quality Speakmg generally, it may be stated that the 
raw water was of a fair quahty almost throughout the year, lactose fermenters 
being absent in volumes of 60 o o to being present in 1 o o , and the average 
total oolomes per c o varying between 500 to 1,600. 

(n) Fhyto- and zoo-plankton found m the raw water at the Eilpauk 
end are' — 

Volvooales 

1 Eudorina sp 

2 Phaeohu l^tctilanSf Ehrenb 
Chlorooocoales. 

3 Ooeystu spj 

4. Do sps 

6. Do. sp,. 

0. Do sp 4 

7 Do. sp, 

8. AnkMtrodcmua apiraUa (Turner) Siemmr 

9 Do sp nov 

10 EtrehneneUa hmaris (Kirohner) M5b 

11. Do. do. var. nov. 

12 Do. sp. nov. 

13 Dtelyosphamm^pvlchcUvmW 

14. DimorphoeoccMa hmaiuc A. Br. 

16 Pcdwstnm daOmdsm (Sohroter) Lemm. 

16. Do duplex Yca coAoerefis Bohlm 
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17 Peduutrum simplex (Meyen) Lemin 

18 Do simplex var nov 

19 Do simplex var diwdenanum (Bailey) Rab 

20 Do siwrmi var radians Lomm 

21 Codastrum camhneum var intermedium (Bohhn) G S West 

22 Do microporum Naegeh 

23 Do retuntlaium (Dangeard) Semi 

24 Scenedesmus perforatus Lomm 

Oedogoniales 

25 Oedogomum ap 

Conjugales 

26 Spirogyra ap 

27 Mougeotia ap 

Deamidioideae . 

28 Glostenum acerosum (Shrank) Ehrenb 

29 Euastrum spinulosum var inermius Noradt 

30 Do cdbvlatum var tropicum (W and O 8 Woat) 

31 Gosmamum Lundelli var corruptum 

32 Do pseudo^conntUum var ellipaoideum (W and G S 
Woat ) 

33 Staurastrum chaeioceras (Schroder) comb nov 

34 Do. gracile Balfos 

36 Do. pentacerum (WoIIe) G M Smith 

36 Bctryococcous Braunii (KOtz) 

37 Do protvberansW andG 8 West 

Baoillanophyoeae 

38 Melosira granuiaia (Ehrb ) Balfa 

39 Synedra %dna (Nitzaoh) Ehrb 

40 Amphora ap. 

41. Bhopaiodw ap 

42 BuirsreUa rabusta var splendida (Ehrenb.) Heurck 
Dmophyoeae: 

43 Pendinium marehusum Lemm 

44. Do. pussiUum (Fenard) Lemm. 

Englenineae . 

46 Eugkna acus Ehrenb 
46 Tradidomonas apt 
47. Do. 

48 Do ^6 
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Cyanopbyoeae 


49 

Microcyatta elebena (Ktktz) 

60 

Do 

floa-a^t^iae (Wittr) Kirch ii 

61 

Do 

marginata (Monegh) Ktktz 

62 

Do 

robuata (Clark) Nyggard 

63 

Do 

sonpta (Richter) Geitler 

64 

Aphanocapaa elachiata, var nov 

66, 

Aphanothece sp nov 

66 

Do 

ntdulana P Rioht 

67 

Oleocapaa calearea Tilden. 

68 

Do 

magma (Breb) Hollerbach 

59 

Oleothece diatana Stizcnb 


60 Ghroococcua tenax (Kiroh) Hieron 

61 Qomphoaphaena apomim (Ktktz) 

62 Merxamopedta glauca (Ehronb ) Nag 

63 Do punctata Meyen 

64 Tclypothnx sp 

66. AncAacna aphaenca Born 
66. Do sp 

67 Sptndtna laxiaatma Q S Wont 

68 OaetUatona Ractboraktt (Woloez) 

69. Do Umnettca (Lemm) 

70. Do hmoaa Ag 

71. OactUatona Tanganytkae G S Weet 

72 Do sp 

73 Lyngbya sp 

74 Debris 

Zoo-planktou 
Oladooora . 

1 AUmeUa karua (King) Dad 

2 Du oatnbonei 

Copepoda 

3 Meaocydopa senckarti 

Ostraooda. 

4 Strandesia sp. 

Nematoda : 

6 Aetinokutnus tripapiUatus (V Dady). 
6. Dorylatmua carten Bast 
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Fowler (1923) has stated that ‘the case of vegetable growths, on the 
other hand, is by no means so simple, the produots of poUutmg orgamo matter 
are food for lower forms of plant life and so it is possible for a reservoir to be 
praotioally free from pathogemo germs, and yet be green with microflora of 
different sorts This is the problem which has specially to be faced m this 
country (India) where the action of sunlight while fatal to bacteria stimulates 

photosynthesis ’ ‘It is this biochemical problem which 

those m charge of water purification works have got to handle m some form 
or other ’ 

Chemical — ^Wanng (1923) noticed mtimate relationship between ‘nver- 
stage* and some of the important ohemioal constituents of Ohio nver water 
Tastes and odours were noticed m pubho water supplies of Ohio State, and 
an attempt was made to find out if there was any correlation between the 
‘nver-stage’ and some of the important ohemioal constituents such as dis- 
solved oxygen, absorbed oxygon, ammonia, alkahnity, turbidity, ohlonde 
and sulphate 

The results of the weekly detenmnations dunng 12 months for the above 
constituents on the same plan as adopted by Wanng ({ c ) are given m Table I. 

(i) Dtasolved Oxygen — ^Wanng has stated that ‘the decrease of dissolved 
oxygen constituent is the most important single factor entering into the 
intensity of earthy tastes and odours’, for if no dissolved oxygen was present 
to oxidise readily the oxidisable orgamo matter present m raw water, then 
‘that oxidation must take place at the expense of certain reducing substances 
resulting in objectionable tastes and odours ’ A study of the results m Table I 
shows that there is a ‘very high’ positive correlation between ‘lake level’, 
and ‘dissolved oxygen’, the ooeffioient being +0 97 In other words, when 
the level of water m the lake went low, the dissolved oxygen also went low, 
and vice versa And when the level of water fell in the lake the production 
of sulphuretted hydrogen was found to be mtense Estimations of dissolved 
oxygen were made by Winkler’s method (1913) 

So m the prefiltration water there is a decided dimmution of oxygen when 
the lake level is low Therefore conditions for sulphate reduction are more 
favourable m the summer months 

Agam, the figures for ‘dissolved oxygen’ bear an mtimate mverse relation 
to temperature of raw water, the Pearsons’ coefficient bemg — 0'96 

(ii) Abaorbed Oxygen — This test gives us a figure for the amount of o:i^gen 
absorbed by the organic matter This also shows that there is a ‘very high’ 
inverse correlation between the two, the Pearson’s ooeffioient being —0*86 

The results of a systematic study of the oxidisable orgamo matter of the 
raw water at the trTlpn.nlr end made by Glanapati and Padmanabha Pillay 
(1986) during the years 1924-1934 showed: — 

1 That the oxidisable orgamo matter had two maxima m a year, the 
first maximum occurring m the hot weather period; the second maxi mum 

8 
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was m the south-west monsoon period. For the years 1930, 1031 and 1032, 
the first maximum was slightly higher than the second 

2 That the lowest figure was reached in the north-east monsoon or 
cold weather period, when the lake level was highost 

3 For the eleven year period the highest figure was reached in September, 
1027 (drought year) and the lowest m December 1932 (maximum rainfall) 

4 That a high negative correlation (Pearson’s ooefl&cient) of —0 693 was 
found between orgamo matter and lake level Regression of orgamo matter 
Y on lake level X is found to be hnear by statistical tests The equation to 
the regression straight Ime is 

Y * -f 0-6427 - 0-0062 X 

(lu) Ammontacal Nitrogen — The annual averages varied from 0 001 to 
0*006 parts per 100,000 during 1026-1036 ((lanapati), and according to Thresh 
(1013) indicates vegetable contamination 

(iv) Albuminoid Nitrogen — This test indicates the ammonia produced 
by the decomposition of the mtrogenous orgamo matter by alkaline per- 
manganate The results for 1020 show that there is a ‘very high’ mverse 
correlation between this and the lake level, the Pearson’s coefficient being 
-0-78 

(v) AlkahnUy — ^These figures for 1920 bear a close relation to the plankton 
contents of raw water according to Whipple (1014) A study of the results 
in Table I shows that there is a ‘very high’ mverse correlation with lake level, 
the Pearson’s coefficient being —0-76 

(vi) Turbidity — This test fairly indicates ‘the presence of particles of 
matter in suspension such as clay, silt, finely divided orgamc matter, and 
nucrosoopic organisms’ Estimations of ‘turbidity’ were made accordmg to 
the U S Geological Survey Turbidity rod method (Whipple et al, le) A 
study of the results (Table 1) shows that there is no significant degree of rela- 
tionship with the lake level, the Pearson’s correlation coefficient being —0 07 

(vu) Ghhnne . — ^Table I shows that there is a ‘very high ’ mverse correlation 
with the lake level, the Pearson’s coefficient being -0-02 

(vm) Inorganm sviphate *80^' — Table I shows that there is a 'very high ’ 
mverse correlation with the lake level, the coefficient being —0*04 

Further statistics for 1920 (Table I) show that there is a ‘high’ mverse 
correlation between ‘dissolved oxygen’ and ‘absorbed oxygen’, the coefficient 
being -0-74 and high direct correlation between ‘sulp^tes’ and ‘absorbed 
oxygen’, the coefficient being -f 0-80; while there is practically no significant 
degree of relationship between ‘dissolved oxygen’ and ‘turbidity ’ and between 
‘turbidity’ and ‘absorbed oiygen', the coefficients being -0-074 and -0-013 
respectively. 

Summary and Conduaione of Chapter III. 

(i) That there is a close relationsbip between the lake level on the one 
hand, and dissolvod oxygen, absorbed oxygen, albuminoidinitrogen, alkalinity, 
8b 
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ohlonde and sulphate on the other is known by their respootive correlation 
coefficients There is practically no relation between the lake level and 
turbidity and between turbidity and absorbed oxygen There is ‘ high ' correla- 
tion between dissolved oxygen and absorbed oxygen and between sulphate 
and absorbed oxygen 

(u) So in the hot weather and south-west monsoon periods there is 
excessive orgamc matter Oxygen content diminishes Temperature is 
higher Inorgamo sulphates are fairly high HaS producing bacteria are 
present Alkalinity is high and the stage is set for sulphate reduction with the 
resulting HaS production and the attendant biological phenomena m the slow 
sand filters at Edpauk 

Chaptbb IV 

B%o-chetn%cal changes taking place tn the Madras Slow Sand Fillers 

This chapter is considered below under (A) General, (B) Physical condi- 
tions, (C) Chemical conditions, and (D) Biological conditions 


A General 

1 A description of the section of a Slow Sand Filter 

Briefly stated the sections of the filters beginning at the top are as 


follows — 

Average depth of raw water . 3' 9' 

Pine sand 28" 

Coarse sand . . . 2' 

Broken stone graded 4' 

Brick under-drains 


(а) Average mechamoal analysis of the fine sand layer is given below 

Passed through 1/16 100% 

Retained on 1/20 . • 21*26% 

„ 1/30 31*66% 

„ 1/60 . * 39*86% 

„ 1/76 . .. .. 6*94% 

„ 1/100 * 1-09% 

Passed through 1/100 . • *• 0*31% 

(б) The uniformity coefficient of fine sand was 2 36 
(e) Effective sise of sand was 0*33 mm 


2. lAfe of the Slow Sand Fitters and Filter Het»d. 

(a) The life of a slow sand filter is governed by the amorphous suspended 
matter and jJankf-p n in raw water In London 'the life of a slow sand filter 
varies from a week or even less to 3 months depending upon the season of the 
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year and the condition of water’ (Prescott, 1935) In Cheltenham, where the 
same system of filtration was adopted for twelve years, it was found that the 
life of a filter never exceeded three weeks (Pickeruig, 1934) At the Madras 
Water Works a filter bed worked for 86 days to 112 days at the very first run, 
but its second and subsequent runs were respectively reduced to about 20 
days (GW FOR, 1930) 



Wajer Works, Madras. 



The life of a slow sand filter is only 2-3 weeks, and is also much less, t e 
9-14 days m the hot weather and south-west monsoon penods, than m the 
other seasons of the year (Ganapati, 1926). The shortening of the life m the 
above penods has to be attnbuted to the excessive amount of orgamo matter 
m solution and m suspension. 

3 Penetrahon of 8tU 

The depth to which silt penetrated mto the sand layer is detennined as 
follows. ‘From each layer, one inch in depth, sufiSoient sand was taken to 
fill a glam cylmder three mohes in diameter to a depth of three mohes This 
was vigoroudiy shaken i^ith clean water and allowed to settle for half an hour, 
at the end of which period the depth of sediment over the sand was measured.’ 
The results of a typical analysis in a Madras sand filter are as follows 
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Depth of layer from 
surface in inohes 
0-1 
1-2 

2- 3 

3- 4 

4- 6 
6-6 
6-7 


Depth of sediment after 
J hour sottlment 
1/2 
3/8 
1/4 
3/16 
3/16 
1/8 
Trace 


‘These figures show clearly that the colloidal matter penetrated to about 
6' depth, in a slow sand filter with 28* thickness of sand ’ (Madeley, 1923 ) 

The silt was invariably dark brown, which on exposure became less dark 
or brownish 

B Physical Conditions of the Effluent 

(i) Colour and Transparency — ^Durmg the hot weather and south-west 
monsoon penods the raw water was yellowish and opaque while the filtered 
water was colourless and clear except for the presence of fioating whitish 
gelatinous particles of sulphur bacteria 

(ii) Smell — ^The filtered water had a distinct smell of sulphuretted 
hydrogen ISiis was not noticed in the very first run of a slow sand filter for 
two to three months but towards the end ol the first run the smell was usually 
evident A new bed worked foi a period of 60 days satisfactorily from 11th 
April, 1924, and had to be stopped on 31-6-34 for 4 days owmg to the evolution 
of HjS Another new bod worked for 47 days and then began to produce 
HgS In the subsequent runs through the same filter beds the smell appeared 
much earlier (Ganapati, 1924) 

The presence of HgS gas was confirmed by load paper test Sodium 
nitroprusside did not produce any reaction (Kenwood, 1920) m filtered water 
samples containing HgS when a few drops were added, showing that H^S and 
not Am^S was liberated Glass beads soaked in isatm-sulpbunc acid in a 
tube open at both ends and packed with glass wool did not produce the charac- 
teristic reaction for mercaptans (Lehmann and Neumann) when the tube 
was suspended m the filtered water chamber That H 2 S and not Am 2 S or 
mercaptans was produced m the slow sand filter effluents was estabhshed H 2 S 
18 noticed also m the slow sand filters of Adoni, Salem and Baroda, and this 
has been stated to be worse there durmg the summer months 

Appreciable quantities of H 2 S have been found near the bottom of lakes 
Mofford, Girote, Weissowo, Bitom, Hallurbo, and Hemmelsdorfer (Bavendamm, 
le.) In all those places, the production of HgS was attributed to sulphate 
reduction. 

The presence of HgS m the bottom layers of lakes Singetu and Himga, 
Japan, hM been noted and its origin traced again to sulphate reduction by 
Toshimura (1932). 
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Again, Buttner (1932) has found H^S in the hypolinuuon of lakes in the 
East Indies, and asonbed its presence entirely to the activity of the sulphate - 
reducing bacteria 

The odour of HjS is often perceptible at the straining shaft of the Labugama 
lake in Ceylon (Hirst, 1921) 

In Madras HjS is noticed during the hot weather and south-west monsoon 
periods m the sewage-polluted Cooum river and Buckingham Canal 

At Mettur, the third biggest artificial reservoir of the world, HgS is evolved 
as the water escapes through the sluice gates 

In all the places mentioned above the formation of the gas is ascribed to 
biological action Thresh et al (1933) have stated that ‘ in some cases hydrogen 
sulphide may be due to a purely ohenuoal reaction but in many the more 
probable explanation is the decomposition of sulphates or of albuminous 
matter by low forms of vegetable life*. 

In all the cases enumerated above (which is almost an exhaustive list) 
sulphuretted hydrogen is produced under natural conditions and was studied 
with reference to the presence of colourless and red sulphur bacteria The 
lakes of the temperate region referred to previously wore not drawn on for 
domestic consumption and filtration with the aid of slow sand filters was not 
attempted so far as is known 

In the tropics, however, in places which are not fed by rivers, water 
fit for human consumption is denvod from artificial or natural lakes, eg 
Salem, Adorn and Madras The attempt to punfy such waters by a system 
of slow sand filtration has the undesirable result of {uesenting m the filtered 
water an objectionable gas transmitted for human conception which was not 
found m the prefiltered water or at the source What would have been the 
result if the water from temperate lakes were so treated where the sulphate- 
reducing bacteria have been found must remam a matter for speculation All 
the necessary conditions for this trouble are there and the only varying factor 
IS temperature. 

Measures to get nd of this smell at Madras by pretreating the raw water for 
one year m 1929 with a dose of chlorme varying from 1 to 3 parts per miUion 
on the advice of Major Morrison (1920) were not successful (Ganapati, 1930) 

(m) Temperature — ^The temperature was noted for the influent and effluent 
of a slow sand filter This is shown in Table II There is no appreciable 
difference between the two This is also confirmed by the temperatures of the 
effluents coUeoted from taps situated at different levels in a slow sand filter 

0. Chemical CcnMwne. 

The chemical changes which take place In the process of slow sand filtration 
of Bed Hills Lake water have been studied by me and the Committees (G 0. 
Hos. 1676, 646, 1934, 1660, 709, 932, 1419) appomted by the Madras Government 
from time to time The latter committees confined themselves to testing the 
effluent ezdnsively for its hygienic quahty. 
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It IS now proposed to disonss the chemical changes taking place in typical 
runs of filters under the following heads : — 

I. Ihascived Oates 

(a) Dissolved oxygen 

(b) Free carbonic acid 

(e) Sulphuretted hydrogen 

II Hydrogen ton concentration {pH) 

III Estmation of electrohffes 

(a) Carbonates and bioarbonates 

(5) Sulphates 

(c) Chlorides 

(d) Total Hardness 

(e) Iron (Ferrous) 

IV EsttmaUon of organtc substances and thexr decomposition products 

(a) Oxygen absorbed 

(b) Ammoniacal mtrogen 

(c) Albummoid „ 

(d) Nitrous „ 

(e) Nitric „ 

V D%scws%on of results 

(a) Effect of slow sand filtration on dissolved gases 

(6) Effect of slow sand filtration on organic matter (oxygen absorbed 

and ammoniacal N) 

(c) Effect of slow sand filtration on sulphates 

(d) Effect of slow sand filtration on chlondes 

(e) Effect of slow sand filtration on total hardness. 

(/) Effect of slow sand filtration on ferrous iron 

{g) Effect of slow sand filtration on oxidised mtrogen 

I (a) Dissolved Oxygen 

Dissolved oxygen was estimated by the Bideal and Stewart’s modi- 
fioation (1901) of the Winkler method Table III contains the results 
in two runs of an experimental slow sand filter containmg three feet depth of 
fine sand. Four taps were located one below the other at different depths 
in the body of the fflter Samples were collected on the first, third, eighth, 
tenth &md mneteenth day in the first run, and on the second, fourth, eighth, 
and eleventh day m the second run 

Vertical changes —In the first run, on the first day, dissolved oxygen was 
present in all the taps but there was a gradual fall from raw water to the 
final dffloent. On the third day, the &11 was more rapid from tap to tap 
than on the former occasion, and there was practically no oxygen in the last 
two taps Conditions were mmilar on the ei^^th day; and the fall was also 
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greater On the tenth day, it was praotioally ml in the last three taps, 
the decrease from raw water to the final effluent reaohmg the maximum 
On the 19th day, the situation the same as on the 9th day except for a 
slight inorease in the effluent from the first tap. 

Seasonal vanattons — ^The effluent from the first tap showed a day to day 
decrease It was 2 86 c c on the Ist, 1 69 c c per/1 on the 3rd and 1 86 c c 
per/1 on the 8th day, and 0*33 o.o /I on the 10th and 0*87 c c /I on the 19th 
day The dissolved oxygen was much less m the second tap and the fall from 
day to day was fairly great In the third and fourth taps a minimum amount 
detectable by the Winkler’s test or ml was found on the different days 

These results are confirmed in the second run. It is inferred therefore 
that the depletion of dissolved oxygen starts from the bottom of the filter and 
extends upwards, m about ten days anaerobic conditions appear to be formed 
m the entire body of the filter. 

I (6) Free Gathonxc Aetd 

Table III (a) contains the results of free oarbomo acid examined at 
different depths in two typical runs of the experimental slow sand filter already 
referred to 

Vertical changes — ^Free carbonic acid was not present at any time m the 
raw water, but it was present in the effluents drawn at aU depths It gradually 
increased from the first to the last tap, the maximum and minimum being 
found in the last and the first taps respectively There was no significant 
difference from tap to tap 

Seasonal changes —Though it was present on all the days m the first tap, 
the inorease from day to day was not regular The results from the second 
run confirm the above findings 
I (c) Free Sulphuretted hydrogen. 

This gas was also produced The variations m the quantity of this gas 
from day to day are given in the Table below for a typical run 


Table showing the quantity of produced m Vie final effluent 

during one run of Bed I 


Date of startmg. 

Date of 
estimation 

H{S mg fL 

i July, 1929 

Started the filter. 



July 16 

0*6 


,^19 

1*0 


„ 22 

1*3 


„ 26 

1*6 


.t 28 

2*0 


81 

2*6 


August 3 

3*2 


Stopped on August 6, 1929. 


Remarks. 
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A gradual increase is noticed in the course of 19 days from 0*6 to 3*2 mg /I 
The Gkiremment Committee found in their experimental slow sand filter as 
much as 8*7 mg /I being the average of mne readings in October, 1929 The 
maximum recorded by them was 10 mg /I, and it was continuously present 
in increasmg quantities (Q O 932 P H , 12th Apnl, 1930) 

n Hydrogen ton coneerUraiton (pH) 

In Table IV the pH values for raw and filtered water for the control slow 
sand filter for one typical long run is given It will be seen that while the pH 
value for prefiltration water varied from 8 2 to 8 4, that for the eflfiuent 
decreased from 7*4 to 7*1 

HI Esttmatum of Electrolytes 

(а) Carbonates and Btearhonates 

The typical changes taking place in the above substances is shown 
m Table V Carbonates were present m raw water but not in the effluents 
from the different taps This is due to the presence of free carbonic acid which 
converts the carbonates into bioarbonates 

Vertteal changes — The bicarbonates were higher in all the taps and on all 
days than the corresponding values for raw water The maximum difference 
was noticed between the raw water value and the first tap value, while the 
differences between successive tajMi wore considerably less The differences 
between the second and third taps and between the third and fourth taps were 
not regular 

Seasonal changes — The bicarbonate content in the first and second taps 
was not found to vary from day to day but was nearly constant, while in the 
third and fourth taps a distmct mcrease was noticed after 4 to 8 days 

The increase m the first tap over raw water m its content of bicarbonate 
has to be attributed to the biochemical changes taking place on and below the 
filtering skin 

(б) Sulphates (Table VI). 

'EatiTnii.tinTiH were made of the sulphate content of raw water and filtered 
water. From the latter, H^S was removed by boding after acidifying with 
HCl The results shown m Table VI indicate a loss m sulphate m the process 
of filtration, and the average loss in sulphate was 2 3 mg /I as SO3 which 
corresponds to about 1*0 mg of HgS per litre But the output of the gas 
(H|^) IS far m excess of what the loss {t e , the difference in the sulphate content 
of raw and filtered water) warrants The results shown m Table VII also 
confirm tfiia The extra amount of hydrogen sulphide has to be explamed 
(see pp. 260-261) 

(e) Ohioridss. 

A perusal of the results in Table IV will show that there was no change 
during the process of filtration and so chlOTides do not appear to have any 
biologioal significance. 
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(<i) Total Hardness 

There wae no ehango m th^ total hardness as a result of slow sand filtration 
{vtde Table IV) 

(e) Iron (Ferrous) 

Ferrous iron was absent in raw water, but was found in filtered water 
(Table IV) 

IV Esttmatxon of organic substances and t?ietr decomposition products 

(а) Oxygen absorhed 

Oxygen absorbed both by oxidisable organic matter and the inorgamo 
matter (H^ and ferrous iron) was estimated in the effluents from taps located 
at different depths of the small experimental slow sand filter (Tables VIII 
and IX) The vertical and day to day changes for the expenmental sand 
filter are considered first 

Vertical changes — ^With the itiorease in depth, the figures for oxygen 
absorbed (both for the 4 hours and 6 minutes test) increases Maximum figures 
are obtamed in the final effluent 

Day to day changes — Generally speaking, the results for both the tests 
show a defimte mcrease 

From Tables VIII and IX, it will be seen that the figures for oxygen 
absorbed were loss than those of raw vmter until the appearance of HjjS and 
later on they increased 

Seasonal changes — ^The seasonal changes for two years are shown m 
Table X Excoptmg January, February, November and December, the values 
for the effluent were always higher tlian the corresponding raw water values 
Maximum figures of 0*330 and 0*369 parts per 100,000 were obtamed in 
September (south-west monsoon period) 1928 and 1929 respectively, 

(б) Amrnoniaccd N (Table XI) 

From Table XI for one typical bed, it will be seen that this figure showed 
a gradual increase from day to day and was always greater than the raw 
water figure This is never the case m all the sand filter effluents of the 
Metropohtan Water Board, London 

It will also be seen that the figures for the effluent were equal to or very 
slightly greater than the corresponding raw water values in the north-east 
monsoon period (November and December) and in the cold weather period 
(January and February), while m the other months they wore defimtely higher 
than the raw water values In 1928 and 1929 the maxunum figures were 
obtamed m September (south-WMt monsoon period) 

(c) Albuminoid N (Table Xn ) 

While the former values were almost always higher tdian those of raw water, 
the albummoid ammonia figures were always less than the raw water values. 
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(d) and (e) N%trow N and Ndrie N were both absent m the influent and 
effluent from all the slow sand filters (vide Table IV) 

V (a) Effect of alow aand fiUratton on dxaadved gaaea 

Whipple et oZ (1920) have stated that ‘when water containing a great deal 
of organic matter or plankton is filtered through slow sand filters oxidation 
of the decomposing orgamc matter may exhaust the supply of dissolved oxygen’ 
Noll (1929) found that the dissolvorl oxygon content of water cliaugod in 
passing through sand filters and stated that oxygen might have been used up 
either by bacteria or by chemical reaction in the filters Kagbavachan and 
Ganapati (1929) have found that in the Madras slow sand filters ‘there was a 
consistent and progressive reduction in the oxygen content fiom day to day 
and that when sulphuretted hydri^en appeared in the filtrate, the dissolved 
oi^gen figure showed further progressing reduction and finally reached zero 
as the hydrogen sulphide increased considerably ’ The results obtamed in 
the present case are in agreement with those of Whipple (I e ) and Noll {I c ) The 
depletion of ‘dissolved oxygen’ may therefore bo due to bacterial decomposi- 
tion of orgamc matter creating anaerobic conditions inside the filter 

V (6) Effect of alow aand fiUratton on organic matter (oxygen absorbed and 
atnmontacai N) 

This conclusion is further supported by the increased figures in ‘free 
ammonia’ and the low figures for ‘albuminoid mtrogon’ and the presence of 
sulphuretted hydrogen in the filtered water Ammonia and hydnigen sulphide 
might have resulted from the decomposition of sulphur-bearing proteins 
contamedin the bodies of planktons, Infusoria, algae, Crustacea, Bryozoa, etc , 
brought in by raw water and deposited m the filter sand The three gases 
hydrogen sulphide, carbon dioxide and ammonia are characteristic products of 
such a process (Lafar, 1910 ; Smger, 1930) The decrease in pH of filtered water 
may be due to the presence of hydrogen sulphide and carbon dioxide 

The results of free carbon dioxide, pH ‘fixed solids’, ‘ignitiblo matter’, 
‘ammonias’ and ‘absorbed oxygen’ are shown in Table XIII A study 
of the results shows (i) that hydrogen sulphide was noticed on the fourth 
day of the starting of the filter , (u) increased figures for ‘ ammoniacal mtrogon ’, 
and ‘absorbed oxygen’, and (m) decreased figures for ‘albuminoid mtrogen’ 
were noticed m the filtrates Further, while there was no free carbon dioxide 
m the raw water, the filtered water samples showed a distinct increase 
There was an average loss of 1-66 parts per 100,000 of ‘igmtible matter’ in the 
process of filtration. (This result is probably high as errors may arise 
[Hotter and Firth, 1921] in the form of loss of water of crystallisation from 
calcium sulphate and from decomposition of carbonates ) 

From Tables IV and Xm it will be evident that decamposition of organic 
matter is taking place in the filter resulting in the production of ‘free ammonia’ 
and carbon dioxide. Hydrogen sulphide is also produced at the same tune 
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and it has to be examined whether this gas is the direct result of decomposition 
of orgamo matter as ‘ free ammonia ’ and carbon dioxide or by any other process, 
or both (Thresh et al, 1933, Harder, 1919) The high figures in the two 
cases of ‘free ammonia’ and ‘absorbed oxygen’ may be due to the influence 
of hydrogen sulphide, for, in the determination with Nessler solution of ‘free 
ammonia’, the mtonsity of colour is moreased by the presence of this gas 
Due allowance was not made for this The figures for absorbed oxygen are 
also similarly exaggerated For Thresh et al (1933) have observed that 
‘inorganic substances like the lower oxides of iron, mtntes and hydrogen 
sulphide are capable of absorbing oxygen from potassium permanganate’ 
(used in Tidy’s 4 hours’ test) and therefore have suggested in such cases a 
method of estimating the amount of oxygen taken up by these substances 

Table XIV contains the results of analysis for ‘ammonias’ and ‘absorbed 
oxygen ’ in Bed I Error arismg from the presence of sulphuretted hydrogen 
in the filtered water in each case was also determmed, the former by the method 
desonbed by Desgrez, Lescoener and Manjean (1926) and the latter according 
to Thresh’s method (1933) From the results, the following observations appear 
justifiable* — 

(i) There was a distinct increase of ‘free ammonia’ in the filtered 
water 

(u) An appreciable amount of ‘free ammonia’ v'as still found m samples 

of filtered water from which hydrogen sulphide was removed 
(lu) There was a distinct decrease m the figures for ‘ albuminoid nitrogen ’ 

(iv) The figures for ‘total oxygen absorbed’ (by orgamo matter and 
hydrogen sulphide) were lusher than the corresponding figures for 
raw water 

(v) But the figures for ‘oxygen absorbed’ by hydrogen sulphide alone 

showed a gradual increase 

( vi) The figures for ‘ oxygen absorbed ’ by organic matter alone (difference 
of figures m columns 13 and 14) were lower than the corresponding 
figures for raw water 

From the foregoing it may be concluded that there is an appreciable 
quantity of * free ammonia ’ corrected for hydrogen sulphide m the filtrates 
and that ' oxygen absorbed ’ by orgamo matter is much less m the filtrates 

StaitaHcal corrdahons 

The figures for the first run in Table XTV show that there is ‘hi^’ and 
direct correlation between ‘ammoniaoal mtrogen’ (not corrected for hydrogen 
sulphide) on the one hand and ‘total oxygen absorbed ’ and ‘oxygen absorbed’ 
by sulphuretted hydr(^n on the other hand, the coefficients being +0 80 and 
+0*90 respectively There is also a very high and direct correlation between 
‘total oxygen absorbed’ and ‘oxygen absorbed’ by hydrogen sulphide, the 
coefficient being +0 97 and between organic matter lost in the process of 
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filtration (being the difference in figures between ‘oxygen absorbed’ by organic 
matter alone m raw and filtered water) on the one hand and hydrogen sulphide 
and ‘ammoniacal mtrogen’ (corrected for hydrogen sulphide) on the other, 
the coefficients being +0 60 and +0 44 respectively ^ereiore, it is estab- 
lished that a close relationship exists between orgamc matter lost in filtration 
and hydrogen sulphide and ‘free ammonia’ noticed m the filtrates. 

V (c) Effect of alow sand fiUraiton on the avlphatea 

la the productum of hydrogen avlphxde of organic or inorganic origin or both f 
The next point to consider is about the origin of UgS It has already 
been shown in the Table on ji 254 that (i) a gradual mcreaso in H 2 S is noticed 
as a filter goes on working and that in the course of one week the gas was found 
to morease from 0*6 to 3 2 mg per htro, (u) a loss in sulphate content occurs 
m the process of filtration which corresponded to 0*8 mg per hire, and (lu) 
the output of H^S was far m excess of what the loss (t e the difference m the 
sulphate content of raw and filtered water) warrants The extra amount of 
il 2 S has to be explained and only two other sources natmally suggest them- 
selves One of them is the sulphur-bearing protein in orgamc matter of raw 
water. 

Eatimatum of aulphur-beanng proteins 

The total sulphates were estimated as described below^ and the inorgamo 
sulphate as stated m Scott’s The difference between the ‘total sulphates’ 
and ‘morgamo sulphate ’ gives the figure for sulphur existing m other forms of 
combination (sulphur-beanng proteins). The results are shown in Table XV. 
A study of the results shows that there is not an appreciable difference m the 
two cases in raw water samples. Withm the limits of experimental error 
they appear to be the same, and m such it is quite probable that there is no 
appreciable amount of sulphur-beanng proteins, which could be estimated m 
samples of one Utre Hus conclusion is supported by Peterson, Fred and 
DomogalJa’s (1925) study of the Wisoonsm lakes for the presence of ammo-acids 
such as tryptophane, oystme, histidme and tyrosme 

Oystme the sulphur conteuning ammo-aoid, varied from 1 5 to 7*6 mg. 
per cubic metre m the different lakes and m one lake the surface sample 

» One htre of water was evaporated to dryness over a water-bath and the residue was 
treated with filming HNOg and transferred to a flask fltted with a reflex condenser The 
flMiW was heated over a water-bath for three hours. Then the contents of the flask were 
transferred to a dish and BNO, was dnven off by evaporating twice nearly to 

dryness on the water-bath after adding HCl, the sulphate was then estnuated as m the 
case of inorganic sulphate (Scott). 

• Cystine is the sulphur ammo-acid firom which the putrefisotive bacteria 

produos H,B (Wdson) probably m the foUowmg manner The deoompoaitkm of Cystine 
loads through thioglyoalio or thiolaotio acids to mero^dans which are further changed 
into H,S. ^ 

CHfV 

2CH,.SH— ► 
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oontained much less than the bottom sample The Bed Hills Lake water drawn 
as it IS from near the surface does not oontam appreciable quantities of sulphur 
bearing proteuis In oomparison with morganio sulphate, orgamo sulphur is 
insiguifioant , and as such this source of sulphur at the filter may be considered 
negligible The only other source is sulphate from sand 

The corUrtbtUton of sand %n filter bede to the amount of sulphate available for 
reduction and its rdle in the evolution of 0^/3 
Table XVI shows the result of analysis for iron and sulphate of different 
samples of sand (i) fresh river sand, (u) used and washed sand (from Filter 
No 1), and (m) used but not washed black sand (from the same filter) The 
sand used m the filter and unwashed contains more iron and sulphate than 
the sand used in a filter but washed (In practice the same sand is washed 
and used m the filter every time a filter goes out of action ) Iron m fresh 
nver sand (the sand used in the filter was also obtained from the same place) 
was very much the same as the used and washed sand Therefore it appears 
that sand as it is bemg used m filters gathers to itself more and more of iron 
and sulphate The process of such accretion is explained 

It has been said that the soil beneath the lake is latonte in ongm and 
rich in iron Iron in the form of brown feme hydroxide is brought from the 
lake and deposited in sand, especially in summer months 

HgS produced by sulphate reduction goes to form iron sulphide which 
later when exposed to the sun and air for purposes of oleamng becomes its 
sulphate (Van Hise) Thus the amount of sulphate m sand is augmented and 
IS never diminished 

The sand m the beds has been used for several years and the origmal 
sulphate if any must have gone the way of other morgamo sulphates, and what 
18 now found m the sand is probably the newly formed sulphate denvmg the 
sulphur for its formation from H^S obtamed chiefly by sulphate reduction 
The two Tables XV and XVI clearly show (1) that SLgS from sulphur 
contaimng proteins is negligible when compared to sulphur fimm inorganic 
sulphates, (2) that the sand m the beds, after it has been long m use, does not 
of itself contribute sulphur 

There still remains the problem from where the HtS comes, m excess of 
what the loss in sulphate as a result of reduction warrants ns to expect. 

What w the agency (hat eontrole fAe increased output ofHJS f 
The oontrolhng agent in all probabihty is carbon dioxide 
Decomposition of protem matter liberates chiefly COs and free ammonia 
a^ also some H^S The process of decomposition is most vigorous in the 
months when concentration of organic matter u the greatest and 
the temperature is most favourable. 

The sulphide of irdh however formed, but observed in large quantities in 
sand used m Alters, is acted upon by COf and water (lipman, 1921). When 
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sufficient carbon dioxide is formed alkaline conditions may change mto acid 
conditions at some stage inside the filter Under such conditions the sulphide 
of iron which is only shghtly ionised under alkalmc conditions would be con- 
verted into HjS, while the sulphides of Ca and Mg are easily acted upon by 
COj and water resulting in according to the following equation — 

MS-I-CO2+H2O — ►HjS-l-MCOa where M stands for Po, Ca and Mg 
(Harder, I c ) 

Einsele (1936) has stated that m lakes ‘Sicher ist dabei bis jetzt nur das 
ome dajS die Beaktion 

PeS+H8C08 ► P0HCO8+H2S under alien Umstanden sehr langsam vor 

sich geht ’ 

It has been noticed in Table XIV that an increased output of HjS is always 
accompanied by an mcreased production of ‘free ammonia’ There can be 
no direct correlation between H2S and ‘free ammonia’, but the apparent 
relation as revealed in that table only shows that the increased amount of 
‘free ammonia’ is accompanied by mcreased quantities of CO2 resulting m 
a corresponding increase of H28 

In the wmter months the output oi H2S is very much less The process 
of sulphate reduction takes place even m those months as evidenced by the 
formation of black iron sulphide m sand but H2S is not noticed m the filtrates 
in the same large quantities as m summer Tins is due (1) to the small scale 
of decomposition of protein matter as a result of dilution of organic content 
in the lake, and (2) to H8S being taken up by iron m sand to form black iron 
sulphide 

It will be seen therefore that sand acts only as a storehouse for the sulphide 
and CO2 as the regulator of the output of H2S in slow sand filters In other 
words, more CO2 production means more H2S production So the increased 
output of H2S 18 thus explained 

Agency responstble for formation 

The chief source of sulphur appears to be morganic sulphate m raw water 
It IS, therefore, suggested that ‘Sulphate Reducers’ are the active agencies 
responsible for the reduction of sulphate to H28 m sand filters, while the 
putrefactive bacteria play but a secondary role m the production of this 
substance from sulphur-bearing proteins Beijennek’s SptrUium desvifurtcans, 
the sulphate-reducing organism, has been isolated from the lake water, conduit 
and the sand filters by me (Dey and Ganapati, I c ) and it has been proved 
that the biological reduction of sulphate is the major process responsible for 
the production of HfS m the sand filters. 

V (d), (e) Effect of alow aandfiUration on dUortdea and Mol hardneaa (Table IV) 

No change is seen in the above as a result of slow sand filtration. 
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^ if) Effect of alow aatidJiUration onferroua tron (Table IV) 

The iron content increases in the filtered water and this has to be attributed 
to the excessive amount of free carbomo acid formed inside Carbomo acid 
converts iron compounds mto soluble ferrous carbonate and carries them 
away m solution. 

^ iQ) Effect of alow aand filtration on oxidiaed nitrogen (mtntes and mtrates) 

Whipple et al (1927) have stated that as a result of oxidation the effluent 
of slow sand filters usually oontauis a large amount of mtrates Baju (1 926-26) 
has stated that according to some people the efficiency of filtration ‘in the case 
of slow sand filters is at least partly due to the activity of the mtnfying 
organisms establishing themselves on the sand surface’, and ho tried to find 
out how far the above statement was true m the case of Bengal filters He 
found that ‘to all appearance the surface of slow sand filters appears to be an 
ideal place for the vigorous development of the nitrifying organisms but the 
results obtained in the course of this investigation do not at all pomt to any 
such action’ The results obtamed at Madras seem to confirm Baju’s findings, 
for at no tune have mtntes or mtrates been detected m the effluent from slow 
sand filters More of this under ‘ mtnfying organisms ’ has been given 


Summary and Conduauma 

I Diaaolved gaaea 

(а) Dissolved oxygen is reduced almost completely 

(б) Free carbomo acid is increased 

(c) Sulphuretted hydrogen is increased gradually. 

II Hydrogen ton conoentratton (pH) 

pH IB lowered and reaches round about the neutral pomt. 

HI Electrolytea. 

(a) Carbonates are absent and bioarbonates show a definite morease. 

(b) Sulphates are reduced to an appreciable extent due to biological 
action of Beijennck’s SpmUum demdfwrxeana 

(c) Chlorides are unaffected 

(d) No change in total hardness, 

(e) There is a defimte increase m ferrous iron in the south-west monsoon 
period. 

IV Orgame aubatancea and their decompoattion producta. 

(1) In one Utre of ra^ watw, sulphur-beanng proteins are negligible. 

(2) Oxidisable orgamo matter figures are always hi^^er than the corre- 
sponding raw water figures when and ferrous iron are present. But if due 
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allowance is made for the latter, then the absorbed oxygen figures are con- 
siderably lower than those for raw water. A maximum reduction of about 
60% is noticed 

(3) Ammoniacal mtrogen figures also show similar high figures like (2) 
and the presence of is responsible to a large extent for this increase 
Estimations made after removing HgS also give higher figures than those for 
raw water 

(4) Albununoid mtrogen always shows a reduction over raw water, the 
average reduction being about 50% m the hot weather and south-west monsoon 
periods 

V How the filter sand acts only as a storehouse for the sulphides, 
carbomo acid most probably regulates the output of free hydrogen sulphide 
in the filtered water , and how the various other changes mentioned in I to IV 
are brought about m a slow sand filter have been explained 

D Stologtcal Conditions 

The Madras slow sand filters are able to remove the visible suspended 
matter causing turbidity but are unable to retam all the bacti^na in the crude 
water In Germany sand filters are said to remove about 99% of the total 
number of bacteria present m raw water (Bideal and Hideal, 1914), and again 
at Albany and Washington, 99 6% (Turncaure anil Russel, 1929) 

The bacterial efficiency of the Madras slow sand filters is considered below 
under the following heads — 

A Tests employed for determining bacterial efficiency 
B A consideration of the bacteriological results of the sand filters 
(i) run under ideal large scale working conditions by the 
Corporation and (u) run under ideal conditions on a small scale 
by the Government Water Filtration Committee at Kilpauk 
separately and using one of tbe Corporation filters. 

C Special mvestigations. 

D Discussion of results 

A Testa emjdoyed for deUrmining bactenal efficiency of a purification plant 

Two tests are usually employed for determining the bacterial effioienoy of 
a purification process They are ' (i) the total colomes count per o c on nutrient 
agar or gelatm and (u) B Cedi content As for the first test, the estimation 
of the total colonies count of the water before and after filtration is generally 
employed for assessing the degree of bacterial purification effected m the course 
of filtration. Raju (1926-27) abandons this as he thinks it is subject to con- 
siderable expenmental rarors and is m favour of B. Ooh estimation with 
Macoonkey’s bile-salt-neutral-red-lactose broth using varying quantities of 
9 
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water. He oonoludes from the dry weather results of slow sand filters of 
Hooghly-Chinsurah water works that filtrates should conform to a min i m u m 
standard of no lactose fermenters in 10 o c of water (Raju, le) He has 
employed this test for assessing the bacterial efficiency of Bengal sand filters 
Whereas in Europe (Bideal and Bideal, 1614) and America (Turneaure and 
Russel, 1929) prommenoe is given to both the tests and according to the first 
test 99 6 per cent of the total bacteria are to be retained by the sand filters 
Raju {I e ) states that for European countries filtered waters should not contain 
B G(ji% in 50 0 0 of water and that the total count per o c should not exceed 
100 B Colt per cent positive mice (being less than 1 %) is used as an index 
Sir A C Houston considered results with 100 c o of samples most satisfactory 
A P H A standard (1933, p 146) has recommended only B Colt test ‘ The 
omission of plate counts from the standard is not to be construed, however, 
as denying or minimising their importance m routine examination made m 
connection with the control of purification processes ’ 

Considerable data have been collected during the past 26 years regarding 
the bacterial efficiency of the Madras slow sand filters The previous investiga- 
tions have yielded considerable interesting mformntion on which the present 
paper has been partly based 

B (i) The bacUrtal efficiency of a ehw sand filter worked under ideal conditions 
(G 0 No 1934, L & M , 1st Sept , 1923) 

(Bed I, one of the Madras /Corporation Filters, was worked under ‘ideal’ 
conditions by the Government Water Filtration Committee ) 

The Committee stated ‘ Before definitely condemning this method for the 
Madras Water Supply it was considered advisable, therefore, to obtain one 
of the filter beds for the purpose of testing its capacities under ideal conditions 
This bed (Bed No 1) was overhauled, disinfected, and relaid and has been 
worked under the most carefully controlled conditions The results obtained 
are of the utmost importance The bed commenced work on 14th January 
1923 and ran with satisfactory results until 16th March 1923 ’ 

The baoteriologicaJ results (p 26, G O No 1934, L. & M , 1st Sept , 1923) 
of this experiment are summarised m the table below 

Baotenologieal result* of FiUor Bed No I run under tdeaUy oontroUed oonditione by the 
Oovt, Water FtUralton Oommtttee m 1928 {vide p. 26, Q 0. No 1934, 

L. S M., let September, 1923). 
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From the above table the per cent reduction of total colonies count 
per c c works to 47*9% and the ‘satisfactory’ results (±60 o o ) were shown in 
61'1% of the samples collected The time that was taken to give the first 
‘satisfactory’ effluent was 16 days (29-1-23) 

In the next table the performance of the sand filter as worked ordinarily 
during (1914-1923) is compared with that of Bed I rim under ideally controlled 
conditions 



Per cent reduction 

Most ‘ satufactory ' 

Least ‘satisfactory ' 

Penod 

of total oolomes 

results 

results 


count per o o 

(±60 0 0.) 

(loo.). 

1017 to 1023 

60 7 

10 6 

03 

14 1-23 to 16 3 23 

47 0 

61 1 

66 


The bacteriological results of Bed I have been considered ‘satisfactory’ 
when only 47*9% of the total counts were removed and when 6M% of the 
samples alone were ‘satisfactory’ according to the Committee’s standard The 
results do not at all approach those obtamed by the European and American 
slow sand filters Elmunation of the total bacteria to the extent of 99 9% 
have been obtained m Europe and America If this is the best that is possible 
baoteriologioally under ‘ideal’ conditions, slow sand filtration at Madras should 
be considered a failure More is to follow In the words of the Committee 
‘This experiment is of the utmost importance, for it proves that simple slow 
sand filtration (from vertical mches per hour) with the Madras water cannot 
be carried on without the formation of HjS no matter how carefully the process 
of filtration is controlled It is possible that the production of can be 
oonelatod with a defimte range of temperature This, however, is more of 
scientific than of practical mterest The formation of this disagreeable gas is 
Buffloient to condemn the process of punfioation which is responsible for its 
production All the available evidence so far produced shows that slow sand 
filtration by itself is not able to produoe a potable water Some other means 
of punfioation must therefore be sought’ (p 6, G O No. 1934, L & M , dated 
1st Sept., 1923) Further comment would appear needless regardmg the 
bacterial effloieni^ of Madras sand filters 

(ii) Seasonal Vanatuma »n Bactendogtcal Besvlts. 

The Committee experimented with a small filter of TfiOO gallons dady 
filtering capacity designed on the lines of the Madras filters but with the 
following important differences. The depth of fine sand in this filter was 
kept constant at 36' and the depth of water was also kept constant at 3 ft. 

The bactenologioal results of this filter for the difibrent seasons for a 
period of two years are shown in the table bebw. 
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Per cent reduction of Total count* per c c (oaleukUed from 0 0 No 1650 P H , 2nd 
AuguH, 1928 , 00 No lOd P H , llith March, 1929 , and 0 0 No 932 P H , 

I2th March, 1030) 



Cold Weather | 

Hot Weather I 

S W Monsoon | 

N E Monsoon 

Year 

R W 

SSF 

Per 

cent 

reduot 

RW 

SSF 

Per 

cent 

reduct 

R W 

SSF 

Per 

cent 

reduct 

R W 

SSF 

1927 

(two months) 






1 




3,240 

673 

1928 

2,263 

*127 

86 6 

2,888 

621 

81 9 

2,461 

629 

74 4 

3,925 

748 

1929 

2,660 

393 

84 6 

2,627 

242 

90 7 

1,694 

569 

84 8 

J,696 

287 

Average 



86 0 



86 3 



79 8 




From the above table it will bo seen that (i) there is not much difference 
m the per cent reduction of the total baoterial count from season to season, the 
dtfferonoe between the maximum and minimum being only about 6%, (ii) the 
maximum per cent reduction was in the hot weather (86 3%) and the minimum 
in the south-west monsoon period, (iii) the per cent reduction obtained in 
this experimental filter is far greater than that obtamed ordinarily in the 
Madras filters , (iv) those results do not approach the European and American 
standard of efficiency even under the best conditions on an experimental scale 
Raju (/ c ) found from his study of the slow sand filters in the Hooghly- 
Chinsurah Water Works that diy weather samples (September to April) reached 
a much higher degree of purity (82%) than those exammed in monsoon months 
(June, July and August) (The division of weather condition m Bengal 
appears to be different from those adopted by the All -India Meteorological 
Department ) 

C Special InvtatxgahoM 

(a) ExpenmetUs on arttfinal filming hy alum. 

One of the troubles with slow sand filters in the tropics is that when the 
water is comparatively clear as a result of long storage or only contains colloidal 
orgamc matter in fine suspension it takes a long time to form a filter skin and 
the filters settle down to long runs without the filter head mcreasing to more 
than 2' or 3'. In such oases the sand filters give poor bactenologioal results 
probably due to orgamc matter in solution or in colloidal form penetrating 
into the lower layers of the filter Buswell (1928) has stated that 'where 
this type of filter is still in use alum is now generally employed instead of 
depending on the naturally formed film In the case of the Madras slow sand 
filters, one of the Govt Committees (1917) stated that the poor bacteriological 
results were probably due to the inefficient formation of the filtering skin 
on the surface of sand , and this was made apparent by the filter head remaining 
constant at 2' or 3* for months So to quicken the formation of the slimy 
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layer, alum was added to the raw water Water was let in and alum solution 
added before starting the filter Alum was added at the oommenoement and 
some more alum after 7 or 10 days only where necessary , that is to say, a second 
treatment was resorted to only when the formation of the skin was not 
sufficiently aided by the first treatment 

Filter Beds 1, 4, 0 and 9 were treated in the manner described above 
and the results of the bacteriological examination and other connected data 
are given in the table below 


Henod of runs 

No of 
nina 

No of 
sampleg 

Befl 

No 

IX 

I 

IV 

VI 

Raw water 

Filtereil water Laotoae 
fonnenterg in 

Average 
total oount 
per 0 c on 
nutrient 
agar at 

37 C after 
48 hn 

LF 

III 

6 c f 

TC 
per 
c c 

-BO 

(10 

20 

10 

6 

1 

1 

22-7-24 to 

2-11-24 

11-7 24 to 

2-11-24 
8-7-24 to 

22-7-24 
26-7-24 to 

7-11-24 

4 

4 

1 

3 

26 

8 

6 

26 


1 

1 

8 

2 

2 

10 

1 

3 

9 

7 

4 

3 

13 


480 

480 

608 

618 

Avurago 




73% 

681 







644 


The following conclusions are arrived at from the above table — 

1 That only 2 out of 64 samples, » e 3 1% of the samples alone can be 
classed as ‘satisfactory’ according to the standard for B Colt adopted by the 
Govt Water Filtration Committee 

2 The Filter was able to effect a reduction of 46 1% only m the test for 
total colonies count 


T<Me ahounng the treatment gtven to bede on nrHjiceal fllmmg ehu> aand filters 


Started on 

Stopped on 

Life of the sand 
filter at 4' rate 

Treatment given to the bed 

8-7-24 

22-7-24 

Bed No 4 

1' sand 200 lbs alom. 

26-7-24 

31 8-24 

9 days 

BedNo 6 

Completely overhauled and 200 
lbs of alum used. 

6-6-24 

11-10-24 

29 

1' sand and 160 lbs alum 

16-10-24 

17-11-24 

16 „ 

1' sand and 186 lbs. alum 

22-7-24 

lS-8-24 

BedNo 9 

20 days 

1' sand dug to about 9* depth 
and used 200 lbs alum 

17-8-24 

S-9-24 

16 

1' sand dug to 6' depth and put 
in 1' washed sand, and u^ 




200 lbs alum 

10-0-24 

6 10-24 

22 

Removed 1' sand and replaced 


1' washed sand and used 2 
owt. of alum. 



11-10-24 

1-11-24 

17 „ 

Removed 1' and put in r washed 


saadr-HQO alum. 
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The performanoe of the sand filters by this process cannot therefore be 
considered as efficient. 

C [b) Bhepenmenta unng chlonnaUd raw uxUer for the eandfOiara 

Major Morrison (G 0 No 646 M , 1920) had stated that chlorination at 
Red Hills would offer a definite solution for the Madras problem This was 
tried in 1626-27 at Red Hills and later at Kilpauk itself at a pomt whore the 
chlorinated raw water would take about ten mmutes to reach the filters Even 
after the application of chlonnatod raw water the sand filters gave poor 
bactenologioal results, and a special investigation was made in 1920 to elucidate 
the probable causes for the poor results (Ganapati, 1929) 

D PtscKMton of RestbUa 

(i) ReoBona for the poor Bacteriologtcal reauUa in the Madras slow sand filters 

(1) A constant level of water over sand is not maintained but the level 
IS varied &om day to day, as there appears to be some engineering difficulties 
in the way of maintaining a constant level 

(2) Thickness of sand. — ^“The original depth of sand must be sufficient to 
form an effective filter and besides to allow of several scrapings without the 
renewal of the sand Inasmuch as the bacterial efficiency depends m part 
on the action which takes place in the body of the filter and not exclusively 
at the surface, an increase in depth witbn certain limits will tend to increase 
the efficiency of the filter The effect of deep beds is similar to that of fine 
sand in steadying the action of a filter, and it has been clearly shown by the 
Lawrence Experunents that the operation of beds 4 to 6 ft thick is not so 
much affected as that of beds 1 to 2 ft thick by such disturbance as variations 
in rate, scraping of beds, etc , although the results with perfectly uniform 
conditions are not materially different The effect of depth is also very much 
important in causing a more uniform action over the entire bed of a freshly 
cleaned filter by minimising the effect of frictional resistenoe m the underdrams ’ 
(Torneaure and Russel, I e ) 

For the foregoing reasons the mmimum thickness should be about 2 ft 
and the m aximu m 3 to 4 ft But the depth of sand m mdividual Corporation 
beds varied firom 9' to 24' which mi|^t have accounted partly for the poor 
baoteriologioal results thou^ the uniformity coefficient of sand was between 
2 and 2*6 and effective size was between 0*2 to 0*4 mm 

(8) The water used to feed a bed about to start was of poor quality being 
derived from the indifferent mixture of filtrates Further, it is well known that 
m many oases there is a considerable decrease m the bacterial efficiency of a 
filter for some time after sorapmg and refilling with sand and it is the usual 
praetioe to waste the effluent for a day or two or the filtration is begun very 
slowly. The filters are started in practice with this initial disadvantage The 
filtrate dazing the fizst few days was always baoteriologioally much poorer 
m quality than the filtrates obtained afterwards Madeley (1918) found that 
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efSoient filtration did not start for about 16 days in the case of both covered 
and uncovered filters and that the total counts of bacteria and the numbers 
of lactose fermenters were both greater in the filtered water than in the 
unfiltored 

(4) To secure efficient and reliable results a filter must be operated with 
gradual increase in rate Violent changes in rate cause ruptures m the filtering 
skin A considerable depth of sand serves to steady the action But at 
Madras a bed was brought up to its maximum rate of filtration which was 
variable from 4* to 8* vertical per hour sometimes even withm 24 hours So 
the beds did not get a chance to form an efficient film Ixiforo their effluents were 
drawn mto the mam 

The Madras plant designed to operate at a slow rate of 4' vertical per 
hour was in practice converted into a semi-slow sand plant due to inadequacy 
of sufficient filter beds, or rather a plant with no fixetl rate of filtration, resulting 
in an unsatisfactory filtrate for the town supply So much for the practice 
which obtained at Kilpauk Water Works 

The experimental filter, however, showed that slow-sand filters should 
give better results if the practice was more in accordance with the theory of 
slow sand filtration This will be true with the qualification and it is a very 
important qualification that if Hog did not result m the actual process of slow 
sand filtration due to sulphate induction by bacteria under anaerobic condi- 
tions But the sand filters almost always creates optimum conditions for 
sulphate reduction The bacterial efficiency of slow sand filters is granted and 
fully borne in mind when it is stated in these and other pages that slow sand 
filtration is unsmted for the tropics A solution is sought in the direction of 
rapid sand filters which do not afford anaerobic conditions Whether this ideal 
condition will be achieved with the help of mechamcal filters (rapid filters) 
or by a modification of the plant at Kilpauk I prefer to leave open here. 

Algal Qroicth %n Sand FiU&rs 
(u) Algae «n the Sand FtJUre 

The surface of sand can be compared to a lake or reservoir bottom where 
dead algae settle and decompose So when raw water contauung plenty of 
algal cells are filtered through sand filters, the algae are retained mostly on the 
surface of the sand and this constitutes the ‘ vital layer ’ According to Kemma 
(Whipple et al, 1927) the orgamsms are found m three conditions: (i) forming 
the vital layer or sohlammdeofce, (ii) attached to the walls of the sand filters, 
and (m) floatmg free in water Organisms m the three states have been 
examined from time to tima and the important ones m each state are given 
below: 

Orgemime in (Ae vtkd layer are : — 

1. OeeUlatoria hmnetiea 

2. „ sp. 
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3 Pertdtmtum Marchicum 

4 Oooyatta app 

6 Aphanoeapsca elachiata var nov 

6 M%crocy8t%8 acnpta 

7 „ robusta 

8 Navtetda ap 

9 Gnat worma 

Attached to the stdea are — 

1 Scytonema ap 

2 Tdypothrxx ap 

3 OsctUatorta ap 

4 Gnat worms 

Free flocUing orgamems vide pagoa 244-246 
(ill) Vital Layer or Schmutzdeeke 

That the chief agent m effective filtration is the vital layer formed at the 
surface of a slow sand filter is the view held by the German School (Turneaure 
and Russel, I c ) The vital layer is composed of an upper ‘gelatmous semi- 
oolloidal partially organised layer strengthened by a net work of algae* and a 
lower ‘stratum of decomposing organic matter underlying sand’ It is m 
this lower portion that saprophytic organisms ‘split up the complex albummoid 
ammonia mto their simpler substances’ and lower down mtnfying bacteria 
are found which thrive upon the ammonia, mtntes, etc , supplied from above 
For the oxidation of the above substances, the mtnfying bacteria are supplied 
with oxygen by photo-synthetic activity of chlorophyll bearing organisms 
which have collected on the surface of the sand layer The vital layer as a 
whole effects ‘not only a removal of organisms by adherence to the film but 
also a decrease in the mtrogenous orgamc content as measured by albummoid 
ammonia and nearly corresponding mcreaso m the mtrate’ (Turneaure and 
Russel, le). Acoordmg to some people the efficiency of filtration is at least 
partly due to the activity of mtrffymg organisms estalfiishing themselves on 
the surface of sand (Raju, 1624-25) 

But the American school (Turneaure and Russel, I e.) does not attach the 
same importance to the formation of the upper portion of the vital layer. 
Americans have noticed m their experunmits that m a brief time an orgamc 
slimy deposit m the sand is formed by bacterial growth and that this deposit 
adds to the efficiency of the filters even with raw water of low turbidity This 
deposit IS not quite the ‘skm’ spoken of previously but its action is very much 
similar. At Bedford non-submerged peroolatmg filters are m pee This slimy 
deposit IS formed m those filters and the efficiency of the filter is considered to 
be largely due to it.* The non-submerged percolating filters experimented 
with by the Water Filtration Qonunittee, Madras (1628, 1^, 1630, and 1631) 
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have also given good results and it would appear that the slimy deposit 
serves veiy much the same purpose that the vital layer serves m the case of 
submerged slow sand filters 

Let us consider the case at Madras Madeley (1918) has desonbod this in 
detail ‘ The filtering layer consists of two distinct portions which play a 
defimte r61e in effecting purification The top portion is the sedimentary skm 
forming on the surface of the sand, which corresponds to the upper portion 
of the vital layer described above and consists of suspended matter both organic 
and inorgamc The thickness and colour of the ‘sedimentary skm’ depends 
upon the amount of suspended matter present in the water Durmg the hot 
weather and the south-west monsoon periods, it forms a felt-like skm which 
on drying curls up into sheets of considerable tenacity roughly hexagonal m 
shape and about three sq ft m area Durmg the cold weather period it forms 
a well-defined skin, not so thick or tenacious as the last-mentioned which, on 
drying, curls up m sheets of about | square foot in area It possesses some 
tenacity and is distmctly separate from the sand Immediately after heavy 
rainfall, te , m the north-east monsoon period when the water contams com- 
paratively little organic matter, the sedimentaiy skin is thin, and drymg 
separates into qmte small patches which are not readily detached from the 
surface sand ’ 

There appears to be normally no further gi owth of algae m the sedimentary 
skin due to the fact that the sun’s rays do not seem to penetrate through 3} 
to 4 ft depth of water This is confirmed by the fact that the depth of visibility 
usmg Secchi’s disc does not exceed 100 ems or 3J feet in raw water 

(iv) Oelaiinous Layer 

The lower layer below the sedimentary skm is the gelatmous layer which 
corresponds to the bottom layer described above wherein ‘peptonisation and 
hydrolysis of the alb umin oids take place by means of the organisms growmg 
and retamed m the filtering skin’ This gelatinous layer m the Madras sand 
filters 18 well marked fqr a depth of 1 5 mches below the surface of the sand 
and sometimes can be seen by the eye to extend to a depth of 9 mches or so. 
The sand grams in this layer are surrounded by a jelly-like substance which 
gives the sand a certam tenacity so that it can be kneaded with the fingers as 
if it were mixed with clay 

It has been found m actual practice that on removal of the dense sedi- 
mentary skm, the filter contmued to work for a considerable penod This 
removal of sedimentary skm has been repeated with advantage several times 
before removing and washmg the gelatmous layer, whenever filters were not 
Buffioient to cope with the city’s requirement The absence of a sedimentary 
skin contributed perhaps very largely to the deterioration m the baotenal 
effioieni^. Usually 1-2 inches of this sand layer was removed every tune for 
washing and cleaning. 
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(y) Black Sand Layer. 

A black layer about which no mention has been made so far m any 
literature on sand filters was always found to commence just below the two 
layers described above and to extend from two mohes to the entire depth of 
the fine sand layer The longer the life of the filter the greater was the depth 
of this black layer 

This black sand has been examined by Dr Simonson {vtde p 60, Report 
of the Committee appointed in GO No 1676 M, 16th September, 1917) 
who found that ‘ (i) Nitrogen is absent from all the specimens Kjeldahl deter- 
mination , (ii) the black specimens contam a relatively considerable quantity 
of sulphide , (ui) there is only the merest trace of sulphate present in the sand 
from the centre of the beds and no sulphide , and (iv) the black specimens 
contain sulphate especially after exposure to sunlight and air’ Further, 
that ‘From these experiments it would appear that lack of aeration is the 
cause of black colour and it (black colour) would disappear if there wore no 
dead ends’ Iron sulphide according to him ‘may be due to the following 
series of changes — sulphur (from albumen) — iron sulphide — iron sulphate 
(due to air oxidation) and this passes away dissolved m the water’ 

Doy and myself (1934) have given a dilSerent explanation for the occurrence 
of the black sand layer based on a detailed study of the conditions It is 
reproduced below ‘The depth of fine sand in the Madras sand filters varies 
from 9 to 24 inches About 0 6% of iron is present m the sand When a 
slow sand filter goes out of action it is found that. (1) the entu% sand from 
the coarse sand layer, and gradually extendmg upwards till the filtering skm 
or ‘schlammdeoko’ is reached, is black (due to FeS), depends upon the life of a 
sand filter — ^the longer the life the greater the formation of black sand, (2) the 
top portion of fine sand (about 6*) contains more u*on (0 60%) after each run 
of a sand filter, although washed sand is used every time that a filter is started, 
(3) sand, after tunung black due to FeS m a filter bed, contains more sulphur 
than the sand which was not used in a sand filter Therefore it appears firom 
(2) and (3) that sand as it is used in the filters gathers to itself more and more 
of iron and sulphur and the process of such accretion is easily explained * 


Tabu Aomng the renUte oj anaiyau of deffermt epectmene of aond 


Description of sand. 

Fe,0, 

j CaO 

MgO 

SO, 

1 Fresh imused river sand 

0'49 

0 028 

0 035 


2 Used but washed sand from Bed 
No 1 

048 

0K>24 

04)36 

0 010 

8 Top portion (6*) of sand from Bed 
No I after a run 

0 57 

0 020 

0-032 

04)14 

4. Bottom portion of blaok sand from 
Bed 1^.1 

0-46 

0d)28 

04)35 

04)20 
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‘The lake soil being latente, and henoe rich in iron, the latter usually in 
the form of brownish feme hydroxide, is slowly deposited on the top 6' of the 
fine sand layer, espeoially during the summer months.’ 

‘The HsS produced by sulphate reduction is fixed chicfiy as the sulphides 
of calcium, magnesium and iron m sand The black iron sulphide when 
exposed to the sun for purposes of cleaning is converted, at least, practically, 
into sulphate (Van Hise) There is a tendency for the iron content in sand to 
go on increasing There is no reason to suppose, making an allowance for the 
passage of soluble iron compound, that at any time is the iron content likely 
to decrease The water, besides carrying iron, contains soluble sulphates and 
negligible sulphur bearing proteins The sulphates are reduced by the action 
of sulphate-reducmg bacteria for which the presence of organic matter is also 
necessary The sulphate of iron yields FeS, which yields up its S content in 
the form of H 2 S, that either escapes or agam acts on the fresh supply of iron 
m the water to form black iron sulphide How exactly this reduction of 
sulphates to sulphides takes place has been oxplamed already under chemical 
conditions’ (pp 262-263) 

In this connection a brief review of the results obtamed by Elhs (1626) 
m his investigation mto the cause of the blackening of the sand m parts of the 
Clyde Estuary will be extremely interesting He first examined bacterio* 
logically whether the blackness was due to any sewage pollution He found 
( 1 ) no B Coli commwna m almost all the samples he examined while he 
found the total number of bacteria to range &om 10,000 to 3,000,000 per gram 
of sand ‘ The large number obtamed for the total count mdicated an enormous 
amount, relatively, of orgamc matter large enough to bo able to support a 
very large number of organisms which are absolutely dependent upon organic 
matter for their sustenance And yet the organic matter harboured no 
representative of B. Colt, a fact which mdicates clearly that sewage pollution 
was not the cause of the presence of this organic matter ’ 

‘What 18 of much greater interest to us m this study is (u) that the black 
colour disappeared on free exposure to the air, and this fact precluded, of 
course, an organic origin to the black material ’ 

(iii) A chemical analysis showed that the black sand consisted of 0*36 
to 0*63% of total iron and of 1*2 to 3 0% of orgamc matter, and to be ferrous 
sulphide (iv) He found that the predominatmg bacteria in the black sand 
was one bacillus, of l/a in thickness and of a variable length but averagmg 
four to six times the thickness By making cultures of the organism on i^ar 
slopes, suspending a strip of filter paper, dipped m lead acetate over the surface 
of the culture, it was easy to demonstrate the &ot that sulphuretted hydrogen 
was evolved from the cultures whilst the individuals were m process of growth 
and multiplication, (v) From a study of the geological character of the 
drainage area he fouM that it consisted ahnost entirely of basaltio lavas 
rich in iron (10 to 16%) ; and therefore it was not surprising that there should 
be a fair quantity of iron m the composition of the sands on the shores of the 
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Clyde, (vi) Prom a knowledge of the physiology of iron bacteria he concludes 
that under certain circumstances, in certain waters iron is found in solution 
oombmed with some organic radicle ‘Further, the iron bacteria thrive best 
in nature, in water which has passed over boggy country or open moorlands 
This water picks up m solution organic matter that is hberated as a result of 
the decomposition of plants The decomposition of feme hydroxide on the 
membranes of the iron bacteria shows that such water may also contain iron 
in solution ’ Prom these facts he concludes that ‘ferrous sulphide is the 
comjpound responsible for the colounng of the sand* He explams ‘ We know 
from our researches on the iron bacteria that water contaimng this kind of 
organic matter is capable of taking up iron in solution It is probable, there- 
fore, that much of the iron is earned away m solution, m combination with 
organic matter Then, when the water with the iron in solution laps the 
shores of the Clyde, the orgamc matter is taken out of it by the activity of the 
bacteria, and the iron combines with the hydrogen sulphide liberated by 
the same organisms When iron oombmed with orgamc matter is under other 
circumstances metabohoally treated by the iron bacteria, the iron is separated 
from the orgamc matter, but as there is no reduemg agent present like 
hydrogen sulphide the iron instead is oxidised to feme hydroxide*. 


Povnia rmaed by Simonson and ElUs examined with reference to the formation 
of FeS in the Madras Slow Sand Filters 

A different explanation is given for the formation of PeS at Madras by the 
author 

(a) The blackening of sand is due to PeS, (&) there is no sewage con- 
tammation, for B CdU has been found to be m ±60 com the 
majority of samples and also because the total colonies count 
does not exceed 600 per o c on nutrient agar at after 48 
hours , (c) the oxidation of ferrous sulphide uito sulphate takes 
place on exposure to au* , and (d) that iron bacteria play an 
important r61e in its formation. 

The author does not agree with Simonson when he says that S for PeS 
IS derived chiefly from albummous substances deposited on the surface of the 
sand filter The proportion of organic sulphur to inoigamc sulphur m one 
litre of Bed Hills Lake water has been wtimated and it has been stated that 
orgamc sulphur is practically negligible while morganic S calculated as ^Os 
varied from 20*3 to 24 0 mg per litre (Dey and Ganapati, 1 e ). In support 
of this view, I have also cited Peterson, Pred and Domogalla (1926) who found 
that cystme, the sulphur containing ammo-acid, varied from 1*6 to 7*6 mg. 
per cubic meter m the different lakes studied by them. So it follows that 
{ffaotioally the only soucpe of sulphur for PeS is the inorganic sulphate of raw 
water. 
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Then, the presence of the sulphate reducing organism Beijennck’s SptnUum 
desulphuncans in the lake water and in the sand filters has also been shown 
by me (Dey and Ganapati, loc cA ) Bunker (1936) has also stated that m 
nature and industry those sulphate reducing bacteria are shown to bo responsible 
for blackening of mud, and for the deposition of metallic sulphides In the 
case of the Clyde Estuary it is quite probable that the salt water SptnUum, 
Mtcrosptra aeatum of Van Deldon (Ic), is the more important organism 
responsible for the formation of FeS than the bacillus isolated by Ellis, who had 
probably not thought of sulphate reduction as a possible way for the formation 
ofFeS 

(vi) NUnficaiton m the Slow Sand FtUere 

Nitrifying bacteria have boon reportod to flourish on the ammoma, mtntos 
and soluble organic products (Ridoal and Bideal, I c , Raju, I c ) emanating 
from the filtering skin in all sand filters of Europe The experience at Madras 
is quite the reverse Though ammonia, in fairly large amounts, has been found 
to be present m the effluents from the Madras slow sand filters, nitrites or 
nitiates have not been detected at any time This shows that either mtrifying 
bacteria are absent or if they are present conditions are inimusal 

Fowler (1935) considers that certain conditions are necessary for 
nitrification They are not found m the Madras slow sand filters For nitrifica- 
tion the favourable conditions arc Presence of oxygen and of a base and 
some phosphates arc essential The presence of excessive amounts of ammonia 
or of organic matter are prejudicial (Winograsky) Oinditions unfavourable 
in every way have been found in the Madras slow sand filters (vtde Chemical 
Conditions) So mtnfication does not take place m them 

(vii) Mtcrqflom %n the FtUrate of Madras Slow Sand Filters 

(а) Dtatoms and Iron hacterxa — ^When a slow sand filter is started for the 
first time its run can be divided into two penoils (a) the period during which 
H 2 S IB absent, and (5) the rest of the run when H 2 S is present The micro- 
flora IS entirely different m each period In the first period when the production 
of sulphuretted hydrogen does not take place for a week or two, the filtered 
water chambers and weirs are coated with a yellowish brown growth which 
gradually turns dark brown This consists of several species of diatoms 
Synedra vina, Synedra vlna var tmpressa, CyrnbeUa affints and NawcuUa sp. 
and an iron baotenum LepMhtx ochraceae The brown colour is due to hydrated 
ferric hydroxide present in its sheath 

(б) Sulphur bacterta — ^Later, when H 2 S begins to appear, the brown 
growth IS mterspersed with colourless gelatmous growths, on the weirs and 
walls of the filtered water chamber, and about a week later still, when the 
gas IS present in appreciable quantities, the walls of the chamber axe covered 
to a depth of about one foot ^m the surface m the Corporation filters, while 
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m tho oase of the small Gk)vt experimental filter the entire regulating outlet 
was filled with the colourless growth m long traihng filaments. This is 
identified to be a mixture of Beggiatoa minima, Sphaerottlus natana, Thvroihrvc 
mvea and a new sulphur baotenum (I) The colourless growth is seen m some 
oases m the form of petals arranged one above the other as in the oase of a 
hly fiower When tho gas production is at its maximum, i e , towards the end 
of a run during March to September, globular, oolourless gelatmous growths 
are seen floating m the filtered water chamber and often sticking to the sides. 
Jackson (1901-1902) has stated that towards the end of the 19th century 
iron bacteria in water supplies had caused senous trouble m numerous cities 
m both America and Europe 

Bioferenoo to hterature regardmg the presence of Leptothnx m nature 
goes to show that it is generally present m the iron-beanng surface waters 
of bogs, streams and springs Harder (1919) has found it m mine waters in 
the iron range of central Mmnesota, m the lead and zmo regions of South 
Western Wiaconsm and in chalybeate sprmgs on a small creek west of Lake 
Kegona, Molisli (1926) has seen it in the rice fields of Japan, Ellis (1926) in 
several parts of England, Choloday (1926) m Russia, Hirst (1920) m Colombo 
Water Works Biswas (1930) reports its presence in the filtered water of the 
Calcutta Water Works 

Harder (Ic) has stated the conditions necessary for the growth of 
Leptothnx oehracea They live on the surface of underground waters, the 
temperature withm moderate limits has no effect on them The quantity of 
iron required is small and it is found in water with 6 2 p.p m of FegOs The 
amount of orgaiuo matter m solution is a limiting factor to a certam extent. 

All the varieties of bacteria isolated in the case of Bed Hills Lake water 
{vide Chapter I) have been isolated from the filtrates from the Madras slow 
sand filters So, the presence of iron bacteria m the filtrates from slow sand 
filters would show that these bacteria are active inside the filtermg media and 
that they precipitate iron hydroxide in the early stages which are turned into 
soluble ferrous carbonate by oarbomo acid (Waksmann, 1936) Thus the 
presence of more iron m the filtered water than m R W is easily explamed 
{vide Chemical Conditions) This is confirmed by another observation also 
Sulphur bacteria towards the end of the run turn black, and the black 
colour IS discharged by the addition of dilute HCl Iron m the filtrate in the 
form of ferrous carbonate reacts with H^S forming black iron sulphide, and the 
black colour is discharged by the addition of dilute HCL The sulphur bacteria 
which was originally oolourless and later acquired a black colour again becomes 
oolourless. 

Oohurle«8 Sulphur hactena — ^The second stage m the microbiology of the 
Madras slow sand filters is the formation of the oolourless sulphur bacteria 
Their appearance synohronisea with the production of H*S in the effluents. 
But they are not responsible for the formation of hydrogen sulphide (Laiur, 
le.). 
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The standard conditions under which the colourless sulphur bacteria 
appear m nature are given in Bavendamm’s monograph (ic) on ‘CJolourless 
and Red sulphur bacteria ’ Their appearance is dependent upon five condi- 
tions, which are satisfied in the Madras slow sand filters also (i) Hydrogen 
sulphide helps the growth of sulphur bacteria, for without it there is no life 
and motion for them In the Madras filters the gas is produced m appreciable 
quantities so that the growth of the bacteria is encouraged in the filtered 
water chambers and other places m the Water Works system (u) The move- 
ment of the water m which they occur exerts some infiuenoo, for they are not 
to be found m quickly moving waters Madras filters workmg at four or six 
mches vertical per hour offer suitable conditions for their growth (ui) The 
influence of oxygen is also noticeable inasmuch as the organisms cannot hve 
without it They are therefore seen growmg in long trailing filaments on the 
walls of the filtered water chamber near the surface, on filter weirs and under- 
ground reservoirs (provided with ventilators) whore they get oxygen from 
the air and the sulphuretted hydrogen firom the filtrates They are not 
found in the central collectmg drains of filters, where oxygen is practically 
absent (iv) Warmth favours sulphate reduotion and the development of 
saprophytic bacteria so that in summer the output of sulphuretted hydrogen 
IS very large and consequently this season is best smted for the growth of 
the oiganisms under discussion In Madras they have been found growing 
in abundance m the hot weather and south-west monsoon periods, (v) The 
water must be alkalme to neutralise the sulphuric acid formed as a result of 
oxidation of hydrogen sulphide by these organisms The pH of raw water is 
8 5 and of filtered water about 7 2 showing that the filtered water u evidently 
favourable for their growth 

Shmeformatum by sulphur bacterta 

Elbs (1932) has stated that slime formation is an important charaotenstio 
of the sulphur bacteria and that Begg%atoa alba forms a considerable amount of 
slime under oertam unfavourable conditions and that m the case of Thwthnx 
the slime formation is normal The formation of globular colourless gelatmous 
growths towards the end of a filter run is probably an instance of slime formation 
by the sulphur bacteria pi'osent m the filtered water chambers. The findings 
of Elhs and others are confirmed as regards the slime forming tendency of 
colourless sulphur ha^vxsr—Begguaoa and ThwUtnx — ^found m the Madras 
sand filters. 

Attempts were made as early as 1916 to get nd of the sulphur bacteria, 
which was then desenbed as ‘whitish gelatmous stuff’ by chemical treatment 
One such attempt was made by Madeley (1918) by ‘emptying the filters and 
passing permanganate solution up the outlet dram and into the underground 
drainage system. This treatment was oontmued whenever a filter was out of 
use for oJeaning. This was disoontmned after 1916 as the cost of permanganate 
rose oonsiderably’. It was oluined that this measure broui^t the growth 
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Within manageable proportions, but it still appeared m some filter outlets 
than m others 

The object of applying permanganate solution mto the underground 
dramage system was probably to kill the white growth which the authonties 
of the day then thought was growmg in abundance there Later mvestiga- 
tions by the author showed that the ‘white growth’ was never seen inside 
the underground drainage system of a slow sand filter, and this observation 
IS in accordance with the physiology of colourless sulphur bacteria 

Stgmficance qfsvlphur granuUa seen ovistde the cells of colourless sulphur haetma 

It has been shown while discussing the physiology of the colourless sulphur 
bacteria that H^S is oxidised by them into water and sulphur according to 
the equation 

HjS+O — H55O+S 

and that the sulphur thus liberated is stored inside the cells of these bacteria. 
Also it has been stated that m the absence of H 2 S the sulphur stored inside 
their cells is used up for its metabolic processes It is also known that in the 
slow sand filters is always present If such be the case, how are we to 
account for the formation of sulphur granules seen outside the cells of the 
sulphur bacteria gathered trom the Madras slow sand filters 

This can be accounted for in two ways Either a chemical or a biological 
or both processes must bo taking place It is quite likely that the amount of 
H 2 S not used by the sulphur bacteria aio oxidised m the presence of oxygen 
into water and sulphur, tlius resulting m the formation of sulphur granules 
outside the cells of these bacteria 

It is known also that the group of baotona known as the thiomc acid bacteria 
(Elhs, 1932, Waksmann, 1931) are able to oxidise sulphur compounds like the 
sulphur bacteria but the former differ from the latter m that they do not store 
sulphur m their cells It is quite probable that one of this group identified by 
Nathanson (cited by Ellis, 1932) and later isolated by Beijennck (cited by 
Ellis, l.c ) IB responsible for the occurrence of sulphur outside the cells of the 
sulphur bacteria Sterilised Beijermok’s medium {mde Elhs, 1932, p 221) 
when mooulated with a small quantity of the colourless sulphur bacteria was 
covered with a film of sulj^ur m which were numerous bacteria consisting of 
small thin rods, very motile and non-sponng The control flask showed no 
change Further teste are being made to confirm this Or it may be a case 
similar to what has been noticed by Van Niel (i c ) during the study of the 
flora occurring m and around the hot springs of Yellow-Stone National TaA 
where 'white flocks were frequently observed which maoroscopically showed the 
greatest possible resemblance to Thwthrtx Microscopical observations 
showed, however, that although the flocks contained large amounts of sulphur, 
this was not present m^the cells, but was partly attached to the outside and 
partly loose The organism consisted of colourless filaments which could 
very well have been Thtothr%x filaments but for the much smaller width of the 
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oells (below Ifi) These examples tend to show, therefore, that there exists a 
number of organisms which aie quite closely related to the typical, sulphur 
storing bacteria but differ from these by the fact that the sulphur is not stored 
inside the oells The resemblance to the ‘sulphur bacteria’ concerns the 
shape of the oells only The size is always smaller, however So, a further 
detailed study alone can show which of these agencies are responsible for the 
presence of sulphur granules seen outside the cells and lymg loose in the filtered 
water chambers of the Madras sand filters Which of these processes are 
taking place is being worked out and will soon be published as a sojiarate 
commumoation The results obtamed so far go to show the existence of one 
of the thiomo acid bacteria (Boqormck, Ic), but since the organism has not 
been correctly identified its physiology and morphology is not attempted 
hero just now. 

Purple cotoured atiiphur bactena 

Purple coloured sulphui bacteria liave boon cultured from the black 
bottom mud of Red Hills Lake (Chaptei U) following the method of Van Niel 
But it was not found in the filteiod water chambers of the Madras slow sand 
filters at any time during the past 26 years It was thought Ukely that it 
might be present if cultivated under suitable (*onditions The medium of 
Van Niel was therefore used It was sterilised according to the directions 
given by him and a small quantity of the colourless sulphur bactena was 
added to one of the bottles and was exposed to olectric light in a dark room 
Withm a week the bottle was coloured rose red, and later bnck red On 
examination the rod coloured oiganisms consisted ol circular balls, in smgles, 
pairs or m groups of 3 or 4, each colony contauiuig only one or two sulphur 
granules 

The organisms resembled those of the thiocystis type shown by Van Niel 
on p 64 of his paper Further experiments are in progress in the laboratory 
of the author for studying purple-coloured sulphur bacteria from the Red Hills 
Lake water. 

Phynatogwai groups of Bactena found in the filtrates from Slow Sand Fitters. 

(1) Colourless, thread forming sulphur bacteria accumulating S within their 
oells. 

(2) The oolourloBs organisms not forming threads and contoining S withm 
their oells, also acting on H^S. 

(3) Colourless beuitena that do not accumulate sulphur withm their 
cells but produce sulphur abundantly from thiosulphate, H^, etc , outside 
their oells. 

(4) Purple coloured S bactena 

(6) Purple coloured sulphurless bactena. 

(6) Ammonifying bactena 
zo 
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(7) HgS producers from all sulphur compounds excepting sulphates 

(8) H 2 S producers from sulphates 

(0) Iron bacteria — Le<piothrxx ochracea 

Oeneral Summary 

1 Slow sand filters have always been considered to be most satisfactory 
for treatmg a water of low turbidity and colour One would have expected 
the same results from slow sand filters when they are applied to impounded 
surface waters m the tropics Besides, they should be more popular here in 
view of the fact that the cost of land m India is cheap, labour is cheap and 
so a city can afford to have a number of them 

2 But wherever they are in use (Salem, Adorn, Madras and Baroda) 
for purifying impounded surface waters they have not proved successful 
The trouble is ( 1 ) the production of sulphuretted hydrogen m the effluent 
and (u) the poor bacteriological quality of the filtrates 

3 So far, no one has attempted to make a bio-chemical study of this 
method (slow sand filtration) exceptmg the (Government Ckimmittoes who have 
made a senes of small scale experiments with the Bed Hills Lake water employ- 
ing various methods of punfication 

4 A thorough study of the vanous bio-ohemioal changes taking place 
m the Madras slow sand filters (gathered during the past 25 years) is given 
here m the form of a monograph 

5 The changes takmg place inside the Madras slow sand filters can be 
compared to the bottom of tropical lakes where orgamo and morgamo sedi- 
ments accumulate Ruttner (1931) has shown that m the bottom of deep 
tropical lakes decomposition of orgamo matter takes place at a much greater 
speed at a temperature of about 26-30*C according to Vant Hoff’s B G T 
rule So there is the formation of large amounts of free CO 2 , free ammonia, 
sulphuretted hydrogen, and also consumption of dissolved oxygen, etc , takes 
place In the same way in the case of a Madras slow sand filter, the prevailing 
temperature of about 30** appears to be responsible for all the ills found m 
them At that temperature there is an increase of free ammonia, carbomc 
acid, sulphuretted hydrogen, etc., and disappearance of dissolved oxygen due 
to increased baotenal activity inside the filters. Sulphuretted hydix^en is 
due to reduction of sulphates at the optimum temperature of about 30*’C. 
by the strictly anaerobic SpmUum desulfurusans Sulphur bacteria (colourless) 
have been seen m the filtrates during the period of H 2 S production. Before 
the production of H^S iron bactena are seen. 

6 All the attendant biological phenomena noticed m the slow sand 
filters have been traced at the lake, the source of the city’s water supply 

7. It is therefore concluded that the method of slow sand filtration is 
not suitable to punfy impounded surface waters of the type of Red Hfils Lake 
Rapid filtration appears to be the most smtable method of purification for 
tropical impounded surface waters. 

10a 
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Gtuet «fi the Bate Water and JUtratu from different depths of a typtcai Madras SUw Sand Filter 




Dtsaolved Oxygen 
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1st Sun — Free Carbon deoandt 









Showing the Chemeeal Betuba oif ‘ The Oontrol Sand Filter ’ worbmg at 4 
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TABUXm 

Skowmg the chemod ntuka of 'The ExpennetUal Sand Filter' working at V vertKol per hour 



•002 -048 



Showing mtme Ae Important Chemical and Baetenologieal Semite of Bed No 1 working at 6' 
Chdonnated Raw Water^Expreeaed in parts per 100,000— FiOered Water 
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Tabus XV. 

Showing th* amount of Inorgamo and Organie Sulphur in Raw Wator 
{Oaiautated as 80s ) 



SO, in Mg per litre 


Date of Sstunation 

Sulphur 

(total) 

Inorgamo 

sulphur 

Organic 
sulphur by 
di^renoe 

Bbmabks 

7tb June, 1929 

20 9 

20 8 

01 


28th „ 

21 9 

21 8 

01 


14th July. 1929 

22 3 

22 2 

0 1 


14th August, 1929 

22 4 

22 4 

nil 


7th September, 1929 

24 0 

23 9 

0 1 



Tabus XVI. 

Showing the amotmt of Sulphate and Iron in different specimens of Sand 
(Averages of three analyses ) 



Per cent j 


Desonption of Sand. 

Sulphate 

Iron 

Rbmabkb 


calculated 

calculated 



as SO, 

as Fe,Og 


1, Fresh imiued nver sand 


0 047 


2. Used but washed sand from 




Bed No I 

0 018 

0 48 


3. Top portion (S') of sand taken 




immediatoly after stopping the 
Filter No I 

0 018 

0 67 

This sand was not 

4. Bottom portion of black sand 
taken immediately after stop- 
ping the Filter No I and air 



black 

dried 

0 039 

0 46 






Symposium on Coal in India. 

Under the auapicee of the National Institute of Sciences of India, a 
symposium on Coal m India was held in the rooms of the Royal Asiatic Society 
of Bengal on the 26th and 26th August, 1939, under the presidency of Brevet* 
Colonel R N Chopra, CIE,MD,ScD,IMS It was organised by 
Dr Cynl S Fox, Director of the Geological Survey of India, and embraced all 
significant aspects of the important problem of the mam fuel resources of India 
arranged under forty-one subjects as follows — 

1 History of the Development of the Coal Industry 

2 History of Coal Mining in India 
3, The Geology of Indian Coal 

4 Reserves of Coal in India 
6 India’s position m the world as a Coal Producer 

6 Fuel Survey of the Coal Seams 

7 The Conservation of Coal 

8 The present status of the Coal Industry 

9 Coal m relation to Metalliferous Industries 

10 Coal and the Railways 

11 Coal m relation to Power 

12 Coal in the Chemical Industry 

13 Carbonisation of Coal 

14 Liquid Fuels from Coal 
16 Bnquettmg of Coal 

16 Gaswus Fuels firom Coal (moluding underground gasification) 

17 Domestio Coke 

18 Fuel Research 

19 Safety m Mmes Research 

20 Safety m Coal Mining 

21 Coal Mmes Regulations and Administration 

22 Mme Flans and their Value 

23 Packing with moombustible material m Coal Mmes 

24 Fires and Ignition m Coal Mines 

26 Fire-fightmg and Rescue in Coal Mmes 

26 Storage of Coal 

27 Competitive Conditions m the Coal Trade 

28 Indian Export Trade in Coal (Coal Gradmg Board) 

20 Marketing of Coal 

30. Physici^l characters and chemical constitution of Coal. 

31 Methods of Analysis of Ckial 

32 Coal Cleaning and Beneficiation 
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33. Sulphur ui Coal 

34. Moisture m Coal 

35 Ash in Coal 

36 Volatile Matter in Coal — ^its nature and properties 

37 Classification of Coal— its relation to utilization 

38 Petrology of Coal 

39 X-ray Analysis of Coal. 

40 Botany of Coal Seams 

41 State control, rationalisation and nationalisation of the Coal 

Industry. 

Opening Address by Dr. Cyrtl 8 Fox 

If we may judge from the interestmg remarks in the ‘Abstracts of Papers 
which are to be dealt with in this symposium on ‘Coal in India*, we are justified 
m believmg that the Council of the National Institute of Sciences of India 
will have cause for congratulation at the end of the moetmg On the one hand 
they have secured valuable contributions from people who are reliable autho- 
rities on the subjects with which they have dealt, and on the other hand contact 
has been established with many experts in the coal industry of India who 
probably still do not know what the National Institute of Sciences of India is 

Without gomg too deeply mto details I would say that, even before 1902, 
when the Government of India mstituted^a Board of Scientific Advice for co- 
ordinating the work of official scientific departments in this country, to after 
1030, when the Government of India was constrained to become a member of 
the International Research Council, scientists have felt the need of a co- 
ordinating non-official body which was entirely free of any political element 
After considerable effort and with the co-operation of the majority of scientists 
in India, the National Institute of Sciences of India was founded m 1936 in 
Calcutta 

It 18 necessary to explain that the International Research Council, already 
mentioned, was the name adopted by a select committee, formed m 1918-19, 
which had its headquarters m Brussels and representatives in Europe and 
America The purpose it had was to co-ordinate the work of scientists in all 
countries throughout the world by means of members on its Coiincil from all 
countries and representatives of co-ordmatmg National Research Councils in 
those countries There was no such representative body m India and the 
National Institute of Sciences of India was formed with a view to going some 
way towards creating such an organisation. 

The aim of the National Institute of Sciences of India is not merely for 
the co-ordination of the labours of men of science It has a larger scope. 
I will quote in order tBe first three of the eight objectives which this Institute 
has in view — 

IB 
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(а) The promotion of natural knowledge m India moluding its practical 

apphcation to problems of national welfare 

(б) To effect co-ordination between scientific academies, societies, 

institutions, and Government scientific departments and services 
(c) To act as a body of scientists of emmence for the promotion and 
safeguardmg of the mterests of scientists in India, and to 
represent mtemationally the scientific work of India 
The preparation of a symposium on ‘Coal in India’ was undertaken by 
the Council of the National Institute of Sciences of India under the terms of 
its first fundamental objective I was not present at that council meetmg 
and so can claim no credit for the selection of ‘Coal m India’ as the subject of 
a symposium, but there is no question that this is the most important mmeral 
substance m this country and that coal is still par excellence the most valuable 
mineral fuel m any country The coal production of India m 1938 was over 
28 342 milhon tons valued at rupees 1,064 lakhs 

I will now bnefiy discuss the scope of the symposium on ‘Coal in India’. 
You will see from the arrangement of the papers that the order of treatment 
IS from the history of the coal industry, and coal mining m India specially, to 
geology and geological considerations with regard to coal reserves, and so to 
the utilization of coal in India Next, attention is given to questions of coal 
carbonisation and fuel research generally This is followed by papers on 
safety in mmes, which end with the subject of rescue work m coal mines 
We then turn to the important question of marketing Indian coal and the 
details mvolved in it—cleanmg, grading, methods oi analysis — and end with 
remarks on the problem of nationalisation of the coal industry 

Before the first paper is now called for reading, I would like to say that 
although the excellent response to my appeal for papers is evident in the 
‘Abstracts of Papers’, this is not all the assistance and interest that has been 
shown in our efforts. The leading Calcutta firms who operate collieries m the 
Damodar Valley have provided the funds and wdl be our hosts today at lunch 
at Pirpo’s Pohti’s branch, and at tea here in the Royal Asiatic Society of Bengal 
I fhiH opportunity of saying how much we appreciate their kmd 

hospitality 




HISTORY OF THE DEVEIX)PMENT OF THE COAL INDUSTRY 
% E R Gbb, M a {Caniah ),F08, Oeologusal Survey of India 

To attempt to deal with thia vast subject in any degree of detail in the 
short space available here is, of course, impossible I therefore propose 
merely to touch lightly on the early rise of the coal mdustry, notmg bnefly 
the pnncipal landmarks of that penod of its history and so pass on rapidly 
to the events of the present century which have such an important bearmg 
on the state of the industry as it exists at the present day. 

As a prelimmary, it is perhaps as well to get some idea of the output and 
uses of coal m various countries at the present tune At present, some 60 
countries are engaged in the minmg of coal (mclnding anthracite, bitummous, 
lignite and brown coal) and m 1936 these countnes produced about 1,280 
nuUion metric tons of coal umts (lignite and brown coals being converted mto 
coal units thermally equivalent to the average of anthracite and bituminous) 

Of this world total, about four-fifths is consumed as fuel and the remaining 
one*fifbh as raw material 


Asfud Pir cent 

Industry (mamly for steam*raising) 30 

Railways . 16 

Eleotno generatmg stations • • 8 

Ships’ bunkers 2 

Collieries . . . . 6 

For domestic purposes • 20 

Total 80 

Ae raw tnatertal 

Metallurgical works (mainly iron and steel) . 16 

Qas works . . . . . . 6 

Total 20 


This world total consisted of* — 

Bitummous coal 

Anthracite »» 

Lignite .... »* 

The world output of nearly 1,800 milhon tons was distributed among the 
vanons countries as follows:— 
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Tabus 1 — ^Peroentagea of world output of raw coal by oountnea, 1934-1938 


(LtgmU eotwtrUd mto ^tvalent coal units ) 






Cumulative 

Country 

1034 

1035 

1936. 

percentage, 

1036 

Umted States 

32 0 

32 3 

34 4 

34 4 

Orest Bntam 

19 6 

19 1 

18 1 

52 5 

Qernumy 

13 6 

14 9 (d) 

15 2 (d) 

67 7 

Saar 

10 

(0 9) 

(0 9) 

76 4 

USSR 

75 

84 

87 

France 

42 

39 

36 

80-0 

Japan (a) 

Poland 

3 1 
2-6 

32 

24 

3 0 (e) 

23 

830 

85 3 

Belgium 

Inma (6) 

Czechoslovakia 

23 

22 

22 

87 5 

20 

20 

1 8 

89 3 

17 

1 7 

1 7 

010 

Chma (excluding Manohuna) 

18 1 

1 8 

16 

92 6 

Manchuria 

1 0 

10 

00 

03 5 

South Africa 

1 1 

12 

1 2 

04 7 

Netherlands 

1 1 

1 1 

1 0 

95 7 

Australia 

09 

10 

0 0 

96 6 

Canada 

09 

0 9 

09 

07 5 

Other oountnes (o) 

26 

29 

25 

100 0 

Total 

100 0 

1000 

100 0 


Total production (miUion 





metno tons) 

1144 6 

1179 9 

1280 4 



(а) Without ooloniM 

(б) Including Native States. 

(o) Of the other oountnes, the most important are Sptun, Hungary, Turkey, Austria 
and French Indo-Ohma. 

(d) Inoluding the Saar. 

(e) Based on final estimate (38 1 million tons) instead of provisional (41 0). 

These figures reveal the fact that over three-quarters of the output m 
1036 was produced by four countries, the USA with 34 per cent, Great Britain 
with 18 per cent, Germany with 16 per cent, and the USSR with 8 7 per 
cent, whilst other oountnes m Europe accounted for a further 10 8 per cent, 
giving a total for western Europe and the U S S R of some 63 per cent of the 
world’s output 

Having got a slight idea of the magmtnde and geographical distribution 
of the coal mdustry we will now trace bnefiy the vanous sequence of events 
that have had an important influence on its expansion and development. 

The early history of the use of these fossil fuels as distmot from that of 
wood charcoal is somewhat obscure This lack of reference to the value of 
coal in early literature merely lends emphasis to the fact that the development 
of the mdustry on an appreciable scale is of relatively recent date, bemg closely 
bound up wi^ the deforestation of large areas of the countryside, resulting 
m a shortage of the more obvious and easily won sources of domestic fuel on 
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the one hand and by the wave of engmoenng invention and attendant rapid 
indufltnalisation dating from the latter part of the 18th century on the other 

Perhaps the earliest reference m which a definite distinction is drawn 
between fossil coals and wood charcoal is m the Greek writings of Theophrastus, 
a pupil of Anstotle who, about the year 371 B C in his treatise ‘On Stones’, 
mentions ‘fossil substances that are called coals, which kindle and bum like 
wood coals’ occurring ‘in Liguna and in Elis, on the way to Olympias, — 
they are used by the smiths’ 

In Great Britain, it is most probable that the use of ‘stone coal’ was 
known to the Romans at the time of their occupation, for among the nuns of 
Roman towns, forts, etc especially in Northumberland, coal cinders have 
been found 

Time does not permit me to discuss the etymology of the word ‘coal’ 
and I would refer those interested to Dr Fox’s memoir entitled ‘The Natural 
History of Indian Coal’ But it is apparent, from the nomenclature used m 
various countries, that fossil coal had been recognised from ancient times m 
many European countnes, and although in India, there appears no definite 
mention of it m the literature till as late as 1774, it had doubtless been 
recognised at a much earlier date. 

There is evidence to show that coal was mined m Great Bntam during 
the mnth century and certainly m the contment of Europe dunng the tenth 
century 

Subsequent to that date, the coal mdustry m Europe expanded appreciably 
and m Bntam, by Tudor times, an important trade had developed between 
Northumberland and Durham mines and the city of London and coal was 
exported to northern France In Scotland it was mmed for use m local 
industnes 

As far back as those early times, the smoke nuisance was realised for it 
was reported m 1678 that the burnmg of coal was prohibited m the vicimty 
of the Palace of Westminster when Queen Elizabeth was m residence To 
combat this smoke nuisance on the Contment, powdered coal was mixed with 
loam and made mto balls, the resultmg fuel proving economical, smouldering 
gradually away and producmg no flame and httle smoke This practice 
oontmued m Belgium until recent years 

By the 17th century, coal was well known throughout Bntam and a large 
part of Europe, and the mdustry was an extremely profitable one for the 
fortunate proprietors and land-owners, contrasting with the lot of the miners 
who worked under the most wretched conditions. 

Expansion was assisted by the construction of canals in the European 
ooal-producmg countries, giving cheap transport to the sea and to vanous 
inland towns. 

But by far the greatest impetus given to the coal industry was the mven- 
tion and improvement of the steam-engme by James Watt of Greenock during 
the latter half of the 18th century, and secondly, by the introduction of railways, 
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which commenced with the improved locomotives of George Stephenson m 
1816 

Ease of steam transport both by soa and land not only directly efifeoted a 
tremendous mcrekse m the demand for coal, but quite naturally gave an enor- 
mous impetus to the iron and steel and attendant carbonisation industries, 
and to manufacturmg trades and domestic consumption m general In fact, 
almost every important engmeermg mvention, so numerous from the latter 
part of the 18th century onwards, added directly or indirectly to the demand 
for coal 

Blast furnaces, which together with steel account for some 16 per cent 
of the present world’s output, had originated in Germany during the 16th 
century and were introduced into England about 1600 A scarcity of wood 
charcoal gave the incentive which led, about 1620, to the use of coke obtained 
from pit-coal, and dunng the succeedmg century, the use of this fuel became 
the established practice With improved types of blowmg engmes, following 
Watt’s invention of the steam-engine, the blast furnace made huge strides 

In addition to the effect of the high temperature carbonisation mdustry 
to meet the needs of the iron and steel trade, further impetus was given to the 
coal mdustry by the large-scale mtroduction of coal gas as a means of lightmg 
and heatmg The coal gas mdustry dates back to the end of the 18th century 
when, m 1792, one Wilham Murdoch dluminated his house at Redruth, Cornwall, 
with coal gas distilled in an iron retort During the early years of the 19th 
century, the gas mdustry made great strides m Europe, and later m Amenca, 
and additional impetus was given by the mvention of the Bunsen burner in 
1866 and the mcandescent mantle in 1886, both being discovered at Heidelberg, 
Germany 

The foregoing summary briefly mdicates the prmmpal landmarks which 
directly and mdireotly influenced the expansion of the coal mdustry durmg 
the period of mdustrial revolution at the end of the 18th and during the 19th 
centuries Time does not permit me to discuss m any detail the more recent 
developments, such as the vastly mcreased development m steam and electneal 
power, the production of producer gas and water gas, the use of pulverised 
fuel as such and m coal-oil mixtures, the manufacture of smokeless fuel by 
low temperature carbonisation and, latterly, the use of coal for the production 
of hquid fuels by hydrogenation 

It 18 necessary to pass on and to give our attention to the general trend 
of events dunng the present century, and particularly smee the War, in order 
to understand the position of the coal mdustry as it exists today 

Dunng the several decades before the War, the coal mdustry was expanding 
rapidly m this country, and with increasing mdustrialisation and demand, 
conditions were relatively smooth-runmng and prosperous Much the same 
thmg was happenmg, thou|^ on a vastly larger scale, in Europe and Amenoa 
However, m spite of thiS relative prospenty, complications arose. With the 
rapid opening up of new mining areas without sufficient forethought to the 



B B OBB : HI8TOBY OF THB DBVBLOPMBMT OF THB COAL INDU8TBY 309 


question of a reasonable balance between output, prices, profits and wages, 
fiuotuations m coal prices were bound to occur and conflicts between employers 
and workers naturally resulted, strikes occurring at mtervals, often os a result 
of outs m wages following falls m the sale prices of coal Thus the necessity 
of the integration, amalgamation and control of the mdustry became increas- 
ingly realised and, though many schemes were proposed without bemg put 
into execution, yet certam measures were adopted even before the end of the 
19th century, and the period 1900-14 was characterised m many countries 
by the mtroduction of legislation regulatmg conditions ol working underground, 
amelioratmg to an important extent the lot of the unfortunate miner 

As a result, when War broke out m 1914, some kuul of equihbrium had 
been arrived at m the coal-minmg industries of the various countries and to 
some extent in the international markets, though a great deal still remamed 
to be done 

The War naturally created a great disturbance in the industry Belli- 
gerent Powers experienced an mtemal shortage and could not meet the demands 
of foreign customers As a result, in spite of the opeiung of now mines in many 
countries, prices tended to soar To meet the situation, in practically all the 
belligerent countries, the coal mdustry was placed under Government control 
for Btimulatmg production, rationmg and fixmg prices 

As shipments from Europe to the Far East were out ofiP, the mdustry m 
Australia, China, Japan, South Afnca and in this country expanded very 
appreciably, and a similar expansion occurred in the U S A m order to meet 
their enlarged industries and to supply certam European and South American 
countnes In the case of the European neutrals, Sweden and Switzerland 
developed their water-power and Spam and the Netherlands their own deposits 
of coal Immediately foUowmg the War, m addition to the lasting effects of 
the changes that had taken place durmg 1914-18, further complications arose 
owing to political and eoonomio developments 

The boom of 1919-20, combmed with various factors linutmg production 
and export m certain important coimtnes, all combmed to produce a world 
coal shortage, givmg rise to high prices, farther mmmg development, a search 
for substitute fuels and progress m fuel economies 

In 1921-22, an mdustnal depression followed, and (Kial prices collapsed 
This post-War confusion, together with labour unrest, stimulated a wide- 
spread effort towards a comprehensive reform of the mdustry and coal oom- 
nuBSions were set up m various countries Numerous proposals were suggested 
and a number were acted upon but the ‘larger proposals for the nationalisa- 
tion of the mdustry were not put into effect or, where enacted mto law, 
resulted m arrangements which were far from the original mtentions’ 

Relative world prospenty and mdustnal expansion succeeded during 
1926-29 and this greatly assisted the coal industry, so that by 1927 the world 
production exceeded that of 1913 for the first time. Even so, during that 
penod, the genmal molaMs of the world coal-mining mdustry and the concept 
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of a w'orld ‘coal problem' calling for international action began to gam 
ground Among the events, the 10 months’ stoppage in Great Bntam m 1926 
assisted other European countries and the USA temporarily, but with her 
return to the market the struggle in competition was renewed 

Late in 1929, collapse agam occurred and, combmed with the substitution 
of other fuels for coal and as a result of mcreasmg fuel economies, the produc- 
tion and consumption of coal fell to unprecedentedly low levels 

In order to realise the nature and magnitude of the difficulties involved 
dunng the last few years we must momentarily retrace our steps to the events 
of the several precedmg decades m addition to takmg note of the happenmgs 
of the years succeeding the 1929 depr^ion 

Throughout the 19th century and until the War, the world demand for 
coal had developed at an average rate of 4 per cent per year 

But between 1913 and 1937 this demand mcreased at a mean of only 3 
per cent annually 

Dunng recent years, the factors tendmg towards a diminution of demand 
have, especially since 1929, appreciably exceeded in force the factors leading 
to expansion These post-War factors of contraction of the demand for coal 
include — 

(a) the depressed state of the railwa3rB and steamship transport, 

(b) displacement of coal as a fuel by mmeral oils, natural gas and water- 

power ; 

(c) the production of a much greater proportion of the world’s steel 

output direct from scrap iron than was the case m pre-War 
days, 

(d) appreciably higher levels of fuel efficiency 

There is not tune to discuss these vanous factors, I will merely draw your 
attention to the following data. — 

(1) Excluding the navies of the world, m which almost complete re- 

placement of coal by od has taken place dunng the past 26 
years, the coal-fired vessels fell m tonnage from 44 miUion or 
97 per cent of the world total in 1914, to 32 miUion or 49 per cent 
of the world total m 1937. During that penod, oil-fired vessels 
expanded in tonnage more than 16 times over to about 20 
million tons, and motor-ships by 13 6 milhon tons 

(2) Regarding economies m the use of fuel the following statistics show 

the great influence of this factor on the coal trade dunng recent 
years 

In the U S A., the average fuel efficienoy of mdustnal manufacturing 
oonoems and railway transportation rose between 1909 and 1929 by approxi- 
mately 33 per cent ancLoontmued to nse, but at lower rates m subsequent 
yean. 
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In Great Britain, m electricity undertakings an improvement of 65 per 
cent occurred in fuel efficiency between 1920 and 1935 In gas-production 
there was a savmg of 10 per cent of coal In the case of blast furnaooi, 
2*06 tons of coke and coal were used to produce one ton of iron in 1913 as 
compared with 1 66 tons (of coke and coal) in 1936 In railway transportation 
there was an average increased thermal efficiency of 4 4 per cent between 
1928 and 1934 alone Realismg the magnitude of these mdustnes, it is 
easy to visualise the great influence these economies had on the coal industry 
Similar economies were, of course, achieved in many other countries 

Another important development affecting the balance within the industry 
in recent years has been the greatly increased output per man shift as a result 
of the rapid mtroduction of machme mining, an increase which has varied 
from 10 per cent in the case of Great Britam to over 100 per cent m the 
Netherlands 

A further important development of the ( oal mdustry in recent years, to 
which reference must not bo omitted, is the groat expansion that has taken 
place m the output of coal m the USSR From a production of 6 million 
tons m 1900, 36 million in 1913, and 48 million in 1930, rapid expansion resulted 
in an output of 126 million tons in 1936 and there is httle doubt that during 
the past tw o years further increases have been recorded Fortunately, however, 
for the world coal trade, this rapid expansion added httle to the problems 
affectmg the mdustry as a whole, for the fuel produced was almost all consumed 
internally by the equally rapidly expandmg home mdustnes 

In view of the above-mentioned trend of events, it is therefore not surpns- 
mg to find that the world coal mdustry of the present century, and particularly 
of the past 10 years, has been and is still suffermg from a large margm of 
surplus capacity for production and, it is beheved, that this surplus capacity 
IS at the root of the present coal problem ['Surplus capacity’ is defined 
as ‘the difference between the amount which existing mmes, without any 
additional wvwtm&nt affixed capital, could produce and the amount of actual 
output ’ ] 

In 1929, the Eoononuc Committee of the League of Nations came to the 
conclusion that, m European countries, there were margins of surplus capacity 
amounting to one-fourth in Germany, one-fourth to one-third m Great Bntam 
and one-half m Poland 

In the case of the output of bitummous coals of the USA, the excess 
capacity was estimated to have risen from some 20 per cent m pre-War years 
to about 56 per cent m 1923. In 1929, it fell to 27 per cent, soared to over 
90 per cent during the depression of 1932, and has more recently declined t6 
about 46 per oent-~the percentages being estimated as proportions of the 
actual output 

It 18 , therefore, apparent that, smee the War and particularly smee 1929, 
the coal trade both in the home and m the world markets has suffered from a 
serious unbalance between power to supply and volume of effsotive demand. 
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Thu haa, on the one hand, given rise to vanous sohemea — ^both national 
and international — ^for the control of output and pnoes and for the general 
amalgamation and regulation of the mdiutry, and has led many oountnes to 
take steps in an attempt to improve their mdividual positions The steps taken 
moluded the protection of the home markets by tariffs, etc , the grantmg of 
subsidies to encourage the export trade; manipulation of the national currency 
m foreign exchange and preferential trade agreements and bartenng arrange- 
ments 

Fortunately also, on the other hand, there has been progress towards 
international agreements as evidenced by the Anglo-Poluh Coal Export 
Agreement of 1934, renewed with some modifications m 1937, and by the 
International Coke Cartel of 1937 allotting export quotas and flxmg minimum 
pnces in the case of the prmcipal European exporters of coke — ^Belgium, 
Germany, Great Bntam, Poland and the Netherlands The necessity for 
readjustment on a world-wide basu u, therefore, bemg inoreasmgly realised 
and, it u to be hoped that, on the return to stable political conditions, further 
measures on these Imes will be adopted m order that a return to a lasting period 
of stabihty and welfare for all concerned in the coal industry of the world will 
be forthcoming 



HISTORY OF COAL MINING IN INDIA 
Ry E R Gbe, M a {Cantab ),FQS, Qeolog%cal Survey of Jndta 

India, in bo far as the interests of those directly connected with her coal 
industry are concerned, is perhaps fortunate in beuig relatively free from the 
more complex problems of the world coal trade such as have existed and 
continue to exist m the European zone Being more or less a self-supporter 
in the matter of coal and, as a result of her location geographically, bemg in 
a position to resist any large mvasion of her internal markets by imports from 
foreign countries, her coal mdustry has been allowed to develop steadily hand- 
m-hand with her general mdustrial expansion Whether this has been entuely 
to the country’s advantage, and to the advantage of her coal industry m 
particular, is debatable, but this do^ not concern us at the moment 

The coal-mimng industry of India is a relatively recent development as 
compared with that of many European countries The first published reference 
to the mmmg of coal m India dates back to the year 1774, during the tune of 
Warren Hastings, when permission to work coal nunes m Bengal was accorded 
to John Sumner and Suetonius Grant Heatly As a result, nunes, doubtless 
as open or inchne workings, were reported to have been developed m the Rani- 
ganj field, at Aitura (Ethora) possibly in the Dishergarh seam, at Chmakuri 
near the Damodar nver, doubtless m one of the middle Ramganj seams, and 
at Damulia, also near the Damodar, apparently m the Nega-Ranigauj seam 
At least several thousand maunds^ of coal were raised, of which some 2,600 
maunds were delivered to Government m 1776. The latter reported it to be 
of poor quality As a result of various vicissitudes, this original adventure 
apparently ended in failure. 

No further attempt was made to exploit coal in India for nearly 40 years, 
until 1814, when mmmg was oommenoed near Egara (Ramganj) Although 
this effort was agam temporarily unsuooessfiil, sufficient mterest was aroused 
to encourage further exploration and between 1820 and 1826 a number of 
nunes were opened. Most of these were situated at no great distance from the 
Damodar nver and exploited the seams orthe Raniganj coal measures, parti- 
cularly between Sitarampur and Chmakuri and near Raniganj Quarrying 
was also earned out m the upper Barakar seams near Ohanoh, to the west of 
the Barakar nver. 

The first systematic geolc^oal survey of the field was made during 1846-46 
by Mr. D H Williams who was appomted Geologioal Surveyor to the East 
Tnriia Company, and a more detaited examination on the one-mch to one- 
mile scale by Ifr W. T. Blanford durmg 186B-60 added greatly to our knowledge 
of the coalfield. By that time, some 60 collieriee were already in existence 
1 One maond 82 pounds (^ipnuc ). 
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and during that period (1868-60) there was an annual average production of 
some 282,000 tons 

In those early days, much of this coal was shipped to Calcutta in oountiy 
boats which phed down the Damodar Since certain stretches of that nver 
were navigable only during periods of high water, the journey was somewhat 
precanous and often took several months, whilst m many cases the boats were 
lost 

One can, therefore, well imagme the encouragement given to the mdustry 
by the opening of the East Indian Railway from Calcutta to Raniganj early 
in 1866 and by its extension, durmg the next 10 years, westwards to Barakar 
and north-westwards ina Sitarampur to link up with the system that was being 
developed over parts of the Gangetic plain 

By 1868, the followmg five prmoipal oompames were engaged in wmmng 
coal in the Raniganj field and together they produced about 88 per cent of 
the total output of some 402,700 tons — B^rbhoom Coal Co , Ltd , Bengal 
Coal Co , Ltd , East Indian Coal Co , Ltd , Equitable Coal Co , Ltd , and Gobmd 
Pundit, Siresol (Siarsol) 

The detailed lustory of the development of mimng in the field is, however, 
by no means a happy one and is typical of what happened elsewhere m India 
Government had not claimed the rights to the mmeral wealth of the area and, 
therefore, would-be producers had to establish agreements on a royalty basis 
with the local land-owners Anyone acquamted with the question of the 
ownerslup of land in this country will realise only too well the complexities 
involved, and it is not surprising to find that many enterprise failed as a result 
of the expensive legal disputes which incessantly arose 

Duruig the earliest stages of coal mimng m India, a certain number of 
minors had been brought from England These were, however, soon replaced 
by local labour working under European supervision 

Dunng the early stages of progress, exploitation was mainly from mclmes 
and quames but, as the years advanced, the number of pits of a depth of 
several hundred feet naturally mcreased, and with the extension of branch 
railway linos across the field, other areas were opened up 

For the first century following the commencement of coal mining m India, 
the Raniganj field was the only, or at least the most important, producer. 
But towards the end of the 19th century, the large reserves of good quality 
coal of the Barakar measures m the Jhana field became mcreasingly realised. 
That area had been geologically examined by Mr T W. H Hughes of the 
Geological Survey of India m 1866, but mming development was not seriously 
taken up for a number of years 

The ‘rise’ of the Jhana field has been dealt with by l>r Fox in a paper 
submitted to the Mimng and Geological Institute of India in 1929 [see Trana 
Min Geol Inst Ind, Vol XXIV, pp 97-106, (1929)] and, as he points out, 
‘the whole future of tfie field in those days depended on railway communica- 
tion’. Followmg an examination of the area in 1890, b^ Mr T. H Ward, 
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Mining Engineer, East Indian Railway C!ompany, the Grand Chord line was 
extended v%a Dhanbad to Katrasgarh by 1894 and during the following year 
the branch line to Patherdih was opened As a result, during the next decade, 
mining developed rapidly m Jhana and the output for 1906 exceeded the 
figure of 3,660,663 tons of the Ramganj field, and from that tune to the present 
day Jhana has easily remamed the principal producing field of India 

Meanwhile, the relatively small, though important, Oindih or Karharban 
field lying north of Jhana and some 23 miles west of the East Indian Railway 
mam hne had been receiving attention and nuning had actually commenced as 
early as 1867 With the Mtabkshment of railway connection with the mam 
Ime m 1871, the output of the good quahty coking coal of this field increased 
rapidly, the East Indian Railway Company having the largest interest, a small 
production bemg derived from Bengal Coal Company mines By 1890, the 
total tonnage from the field had exceeded ,the }-milhon mark and durmg the 
early years of the present century some f million tons of coal were produced 
annually 

Other coalfields in Bengal and Bihar, which were exploited durmg the 
latter half of the 19th century, mcluded a small output totalling some 7,200 tons 
from the crushed Barakar measures of the Baling area m the outer Himalayas 
of the Darjeelmg distnct, Bengal, between 1896 and 1900, and on a somewhat 
larger scale in the Rajmahal and Daltongan] areas of Bihar 

Regardmg these Bihar fields, coal was apparently mined at Rajhara m the 
Daltongan] coalfield as far back as 1842 and contmued mtermittently m a 
small way until 1031 In 1901, railway commumcation was established with 
the East Indian Railway mam Ime v%a the Son Valley, prior to which date the 
coal had been despatched m boats down the North Koel river With the 
construction of the railway, the output mpreased m the early years of the 
present century to some 70 to 80 thousand tons annually 

From the Rajmahal hills, an output of about 8,000 tons is recorded for as 
far back as the year 1868, and of some 28,000 tons and 46,600 tons respectively 
durmg the following two years After that, the output fell rapidly and ceased 
m 1863 for about a quarter of a century From 1890 onwards, small tonnages 
are recorded 

The ooal-beanng areas of central and southern India had been surveyed 
and reported on by the Geological Survey of India, pnnoipally by Hughes, 
William Kmg and E J Jones, between 1860 and 1880 and, with the develop- 
ment of railways, attention was naturally paid to the possibihties of minmg 
coal. In Central India, mining was commenced at Umana in Rewah State in 
1884 and a small production was raised from the JohUla field between 1898 
and 1902 With railway faoihties, the Umana output expanded to nearly 
200,000 tons m 1903. 

In the Central 'Flrovmoes, the earliest development of ooaX mining was, 
apparently, at Mohpani where a colliery was opened m 1862 by the Narbada 
Coal and Iron Co , Ltd With the construction of a railway oouneetkm aboqt 
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1870, the output appreciably moreased to some 40,000 tons in 1900 The 
oollienes were purchased by the Great Indian Peninsula Railway Company 
in 1904 

Further south at Warora, production commenced in 1874 and rose to a 
maximum of 153,336 tons m 1M2 In 1906, the mmes were abandoned as a 
result of underground fires 

In Hyderabad State, the Singarem field was discovered by Dr William 
King m 1872, and the first raising took place some 16 years later Steady 
progress was made during the remainder of the century so that an output 
of 469,201 tons was reached by 1900 

In north-eastern India, following earlier nunmg operations on a small 
scale, extensive developments took place m the Namdang and Ledo areas 
in Assam from 1881 onwards when a mining concession was obtamed by the 
Assam Railways and Tradmg Company Communication with the Aasam- 
Bengal railway was soon established and during the followmg 26 years the 
output of these Tertiary seams rose steadily to a quarter of a million tons 
annually 

In the north-west, near Quetta, the mining of the relatively thin Tertiary 
seams was taken up on a small scale dunng the final decade of the last century, 
and was contmued by the North-Western Railway Company for a number of 
years In the Punjab Salt Range, at Baghanwala, the wor^g of a Tertiary 
seam, up to a few feet m thickness, was commenced by the same Company m 
1893 and a maximum output of some 13,000 tons was raised m 1897 On 
account of the poor quahty of the coal, the mmes were closed down in 1899-1900 
Other mmes had previously been started (m 1884) m the adjoinmg Dandot 
area by this Company and a maximum production of 81,218 tons was raised 
m 1899 Since then the production declmed and the coUienes were handed 
over to contractors about 1911. 

In the year 1900, the total production of these Punjab mmes was only 
74,083 tons 

At Palana, near Bikanir m Rajputana, the mining of Tertiary hgmtes 
commenced on a small scale m 1898 and production rose to some 46,078 tons 
in 1904 smce when it has dechned 

At the begmnmg of the present century the coal production of India had 
reached a total of about 6*1 miUion tons of which nearly 6 million tons were 
obtamed from the Raniganj, Jhana and Gindih fields Blast furnaces hod 
been m existence at Kulti m the Baniganj field for a number of years 

Continued progress was made in Indian coal mining during the followmg 
pre*War period, a total output of nearly 16*6 miUion tons beifig produced m 
1914, mcluding about 9*15 million tons from Jhana and nearly 6 nuUions from 
the Raniganj field 

Dunng this pre-War penod, the Bokaro (1908), Bampur (lb River) (1913) 
fields m the north-east neere opened up In the Central Provmoes the Penoh 
Valley (and Kanhan) fields commenced production in 1903 when the branch 
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line numiiig from CShhmdwara was opened, and produotion rose to 95,670 tons 
m 1914. Still further south the Ballalpur field in Berar, also opened in 1903, 
inoreased its annual produotion to about 90,000 tons during the same period 

Regarding the Tertiary fields, the produotion of Assam had risen from 
216,736 to 306,160 tons durmg the same pre-War period, whilst in north- 
western India, inoluding Bajputana, Kashmir, Punjab and Baluchistan, the 
total had risen from about 106,600 to a little less than 120,000 tons In the 
Trans-Indus Range of the Mianwah district, at Makarwal, small moline-workings 
were oommenoed in 1903 in the outoroppmg Eocene seam, but produotion 
was limited to a maximum of some 2,600 tons annually 

During the War and m the year following, the demand for coal was 
naturally acute and a number of now oolhenes were opened up to meet the 
inoreased mtomal demand The total production rose to 22*6 milhon tons m 
1919. The demand for ookmg coals was, about this time, appreciably enhanced 
by the construction of the iron and steel works at Tatanagar immediately 
preceding the War and the blast furnaces at Hirapur durmg 1922 

During or immediately following this wave of moreased prosperity a 
number of new fields were opened up moludmg Jamti (1916) and Ramgarh 
(1920) m Bihar, Sohagpur (1921) m Central India, Ghugus (1920) and Shahpur 
(1921) m the Central Provinces and Sasti (1920) m Hyderabad State, whilst 
in northern India the output of Makarwal coal improved appreciably Pros- 
pecting work was bemg earned out m the Karanpura fields in Bihar and the 
Talohir field in Onssa, and production oommenoed during the 1923-24 penod 

The acute variations m the economic thermometer durmg the subsequent 
16 years have, in India, as m the world as a whole, been reflected in the coal- 
mining mdustry of this country. 

The marked trade depression of the 1920-21 period badly hit the coal- 
mmmg industry and a number of mmes, particularly those exploitmg mfenor 
grade seams, were forced to close down, though durmg that penod the deepest 
shafts of Indian coal mining — of a depth of 1,480 feet to the Dishergarh seam 
at Parbehya — ^were completed During the year 1920, produotion fell to 
below 18 milhon tons and although it improved gradually durmg the followmg 
decade, yet pnoes oontmued to fall to a low level Conditions durmg the 1921 
to 1923 penod were further adversely affected by an adverse foreign trade 
balance m coal amounting to some 1,143,600 tons in 1922. At Mohpam, in 
the Central Provinces, produotion oeased m 1926 Another trade depression 
during the early part of the present decade, with stdl lower pnoes prevailing, 
further restnoted enterprise, and resulted m the closing down of mining 
activities m oertam of the smaller fields moludmg the Bajmahal area, Hutar 
and Daltonganj. 

Subsequent to 1933 an moreased mtemal demand and a rapid nae of the 
foreign trade balance m India’s favour, to a total of 808,460 tons in 1937, 
together with a decided improvement m the pnoes attainable at the pit’s mouth 
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smoe 1936, have brought more prosperous conditions to the ooal-mimng 
mdustry of India and the total output for 1938 reached the record of 28’3 
miUion tons. 

Largely on account of the fact that the majority of the seams worked 
m India are relatively thick, rarely less than 6 feet except in the case of certam 
of the Tertiary seams of north-western India, the pillar and stall method of 
working has been almost whoUy m vogue In the case of the very thick coal 
seams, quarrying has of course been adopted at the outcrop 

As has been stressed in recent years by a number of writers, the fact 
that at least m the two major fields the mineral rights of the very numerous 
surface land-owners have not been questioned, has often resulted in the working 
of certam of the most valuable seams from a very large number of small isolated 
nunes m contrast to larger and more econonuoally nm collieries It is admitted 
that m a number of instances this has led to relatively mefficient methods 
of exploitation and to a much greater wastage in barriers separating the 
various concessions than would otherwise have been the case 

Also, during the process of mining — ^until recent years — only in a very 
few oases was attention given to stowmg Laige reserves of coal were therefore 
left in pillars and as a result of subsequent fires onginating from spontaneous 
oombustion, a considerable proportion of this coal has been irretnevably lost 
It IS unnecessary for me to go into this question m detail , the subject has 
been brought to our notice repeatedly m recent years and you are all aware 
of the relevant literature that has been published Suffice it to say, that 
there appears to be good prospects of a marked mcrease m stowmg m the 
not distant future 

Smee the War, machme-mmmg has increased appreciably m India, 
but a very large proportion of the output is still won by hand 

One cannot conclude a discussion of the history of coal mining m India 
without a reference to the associated bodies — ^the Department of Mines and the 
Mines Board of Health. The former was established in 1893 with its head- 
quarters at Dhanbad A Circle headquarters exists m the Baniganj field 

In a discussion on this subject, it is, 1 think, relevant to compare briefly 
the condition of the ooal-mmmg mdustry m this country with that of the 
larger producing countnes of the world Particularly m the case of western 
Europe, we have seen that severe mtemal and mternational competition has 
forced the mdustry to adopt measures of regulation and amalgamation that 
have led to greater efficiency and economy m the methods of exploitation, 
whilst the necessity of reaching agreement on the question of nummum prices 
and quotas has been mcreasmgly realised. Though the difficulties impeding 
the adoption of similar measures m India are undoubtedly great yet they cannot 
be regarded as insuperable and it is to be hoped that, m the mterests of the 
mdustry, a solution of these problems will be found m the near future. 



THE GEOLOGY OF INDIAN COAL 


Hj/ E K Gbb, M a {Cantab ),F GH , Geological Survey of India 

If you look up two of the recent leading text-books on coal in general 
you will find that m one case it is recorded that the ‘ Indian Ocean ’ group 
of coalfields (including China, India, Australia and South Africa) ‘are known 
to date from Upper Carboniferous times, although Permian coals are also 
known’ whilst m the second text-book it is stated ‘The ooab of India are of 
earher (Triassio) formation than the coals of Great Bntam’ 

In so far as India is concerned, it may be safely stated that the Gondwana 
coals of economic importance are all of Penman age, they are located almost 
wholly m the pemnsula But in addition, mamly m the mountainous tracts 
lying north of the pemnsula, India possesses important deposits of Tertiary 
coal all of which belongs to the lower Tertiary (Eocene). 

Past geological hterature also refers to deposits of Jurassic coal m Cutoh 
and m the Salt Range area of the Punjab Local occurrences of lignified wood 
and infenor coal are certainly met with m the variegated stage of the Jurassic 
of these areas and the coal has, in the past, been excavated on a very small 
scale near Kalabagh But the amount available is very small and analyses 
have shown it to be of poor quahty Mr B R Simpson, m his account of the 
coalfields in India, published m 1913 (see Mem Oeol Surv Ind , Vol 41, p 7), 
refers also to Cretaceous coal m Assam but more recent work by the Geologioal 
Survey of India in that area renders it probable that the latter are of lower 
Tertiary (Eocene) age 

The ooal-bearmg strata of India, withm which coal of economic importance 
exists, may therefore be classified under two mam heads — ^the Gondwana 
(Permian) measures and the Tertiary measures 

For a detailed account of the Gondwana coal measures of India, I would 
refer you to Dr. Fox’s memoir on that subject [Mem Geol Surv Ind , Vol 69, 
(1934)] 

Briefly, these coal measures and associated strata, all of which belong to 
the lower part of the Gondwana system, mclude m the mam typical imsh- 
water deposits which were laid down m wide nver valleys and lakes that 
traversed the Gondwana oontment during Permian and later times The 
stratigraphioal sequence mvolved moludes:-— 
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Bamganj field 

Jharia field 

Central and southern 



fields. 


(Panohet sen^) 

jEUmgan] coal measures | Kamthi senes 

Ironstone Shales | Barren measures | i> (^) 

Barakar coal measures. 

(Talolur senes ) 

[Archaean and pre-Cambnan basement ] 

There is good reason to suppose that the whole of pemnsular India and 
probably its extension northwards into what is now the site of the Outer 
Himalayas, at least for some distance oast of Nepal, formed an ancient land>mass 
dunng the early and mid-Palaeozoio penod To the north and north-west an 
extensive sea — ^the Tethys — existed, and into this sea a number of large rivers, 
draining in a general northerly direction, earned much of the sediment denved 
from the Indian portion of Gondwanaland This sediment went to form the 
fossihferous marme Palaeozoic strata now met with in the inner parts of the 
Himalayan, Hmdu Kush, and more northern ranges, and also in the Salt 
Bange and m Baluchistan. 

With the continued denudation of Gondwanaland to the south, this ancient 
land-mass was out up into a senes of wide valleys and lowland tracts and in 
these the fresh-water Gondwana strata were deposited Climatic conditions 
were apparently fngid durmg the latter part of the Carboniferous period so 
that the upland regions separatmg the low-lymg areas wore of sufficient altitude 
to support largo loe-oaps — ^the source of the glacial and fluvio-glacial conglo- 
merate of early Talohir times, which form the basal strata of the Gondwana 
system m India With a change to a warmer climate, vegetation of the type 
now represented in our coal seams and m the well-known Oloaaoptena flora 
commenced to flourish on this ancient oontment and spread rapidly with the 
progress of time As a result, during the early Permian, immense volumes of 
decaying vegetation were mcorporated m the sand, gravel and clay debns 
that was eroded from higher levels, and these sediments were deposited over- 
lying the Talolur strata in a number of the valley areas of Gondwanaland 
These lower Permian sediments moludmg the accumulations of vegetation are 
represented in the Barakar coal measures as met with today. They comprise 
some 2,000 feet of felspathic sandstones, conglomerates, clays mcluding fireclays, 
occasional ironstones and the majority of India’s most important coal seams 
In most of the areas of deposition, seams of coal were probably mcluded but, 
as may be well imagined from the varying nature of the conditions under which 
deposition took place, the thicknesses of the individual beds varied considerably 
frtim place to place 

Regarding the conditions of formations, nowhere in India do we find 
defimte evidence of a coal seam having been formed »n ntu as a result of the 
ooalification of an ancient forest, on the other hand, there is plenty of evidence 
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pointing to the drift theory of formation and it seems probable that, in at least 
the great majority of cases, the coal has been formed from accumulations of 
drift vegetation, earned down by the nvers and deposited m wide, low-lying 
areas of sluggish drainage 

In the case of the greater part of the area m question, conditions smtable 
for the accumulation of vegetable debns, to a sufficiently large extent to give 
rise to coal seams of workable thickness, ceased at the end of Barakar times 
and the succeeding strata include only sandstones, shales and ironstones 

In the eastern part of the present Damoclar valley region, however, a 
sequence of ‘barren measures’ — some 2,000 feet in thickness — was succeeded 
dunng Upper Permian times by a second senes of coal-bearing strata, now 
represented by the Ramganj coal measures of the Itaniganj and Jhana fields 
Following the deposition of higher Gondwana strata — sandstones, clays 
and conglomerates, including plant-remains in many places — the Gondwana 
deposits of the Indian peninsula were dissected by numerous faults, in most 
cases of the normal type, dunng late Mesozoic times These faults vaned 
in throw up to several thousand feet in a number of instances, displacements of 
at least 9,000 and 6,000 feet limiting the Ramganj and Jhana fields respectively 
on the south side As a result of this faulting, masses of the Gondwana strata 
were dropped down within the older — ^Archaean and pre-Cambrian — crocks 
and were thus to a large extent preserved intact from the effects of sub-aerial 
erosion dunng the subsequent Tertiary era 

The Gondwana coalfields of India as we see them today, therefore, represent 
remnants of a ooal-beanng sequence that was once much more widespread m 
its distnbution. 

In addition to faulting, the measures of the eastern part of the Damodar 
valley were intruded by a senes of ultra-basic dykes and sills dunng the late 
Mesozoic These in many instances played havoc with the coal seams, 
resultmg in the large quantities of ‘jhama’ with which we are acquainted 
only too well today A closely associated senes of dolentic and basaltic 
dykes and sills were also intruded mto the strata of peninsular India dunng 
late Mesozoic tunes. These intrusions, fortunately, had only a relatively 
limited effect on the coal seams 

The stage of matunty reached by the Gondwana coals vanes from matured 
bituminous in the case of the Barakar seams of certain of the western Damodar 
valley areas to lees matured bitununous and sub-bituminous types m other 
areas and in the case of the Ramganj coal measures 

The peninsular fields were apparently httle affected by the mtense earth- 
movements that gave nse to the Himalayan and related mountain ranges 
during late Tertiary times, but the extreme north-eastern part of the Indian 
portion of Gondwanaland was caught up in these movements, resulting in 
the sheazed, coal-bearing Gondwana strata of the Doling field and adjoining 
areas. 
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As mentioned above, dunng a large part of the Palaeozoic and during the 
Mesozoic era the area north and north-west of Gkmdwanaland was submerged 
beneath a sea — ^named the ‘Tethys’ — ^which stretched eastwards from Europe 
v%a Persia and Baluchistan and contmuod further east into the Shan States 
The southern edge of this sea, during intervals of the Triassic and Jurassic 
periods, lay m the viouuty of what is now the Salt Range and Trans-Indus 
Ranges of the western Punjab As a result, in these regions the sediments 
deposited mcluded not only marine fossihferous strata but also sandstones 
and shales of ostuarmo origin Among these strata are to be found lignified 
fossil-wood, occasional pockets of coal and defimte seams of coaly shale which 
pass locally mto bands of impure coal But none, so far, have proved of 
economic significance 

Towards the end of the Mesozoic, a large part of north-western India 
includmg the western Punjab and southern Kashmir was uplifted above 
sea-level This newly-formed land-area was m places eroded and, under the 
infiuence of sub-aenal weathering, a well-marked bod of bauxite and latente was 
formed in a number of localities The latter marks the time interval between 
the Mesozoic and Tertiary eras Closely associated with this latente dunng 
early Eocene (Ranikot) times, in the area west of the Indus river beyond 
Kalabagh, the Makarwal coal seam was formed Immediately following these 
events m the early Eocene, the sea again encroached across this northern 
India tract resulting m the deposition of foramimferal limestones, marls, 
shales and subordinate sandstones of vanablo thickness Local, though in 
places fairly widespread, estuanne and marsh conditions once agam broke 
mto this manne sequence and resulted m the formation durmg late Ranikot 
and possibly lower Laki times, of the thin ligmtic coal seam of the Salt Range 
and of Baluchistan and the thicker coal deposits of Jammu province, Kashmir, 
whilst m addition the lignites of Palana, Bikanir State, were laid down That 
these coals wore, m many oases, deposited m areas very close to the sea-coast 
(m contrast to the Gondwana coal seams) is evidenced by the close association 
of foraminifera-beanng shales with the carbonaceous beds 

In all these areas, dunng the succeeding stages of the Eocene, manne 
conditions prevailed dunng which thick limestone and shale deposits were laid 
down. 

Late in the Eocene, the area in question was agam largely u^^fted above 
sea-level and, following a short penod of erosion, the older strata were covered 
dunng middle and late Tertiary tunes by the vast thicknesses of lacustrine, 
fresh-water sandstones, ola3^ and conglomerates of Nimadric (Murree and 
Siwalik) system. 

Late Tertiary to sub-Reoent earth-movements of orgamc type, culminatmg 
m the formation of the Himalayan, Sulaiman and associated ranges of northern 
and north-western India, together with the effects of rapid denudation, exposed 
the lower Tertiary and older strata as we see them today. 
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Taming to Assam, the geological evidence mdicates that at least the 
western parts of that provmce formed a portion of Qondwanaland until Creta- 
ceous times Dunng a part of the Cretaceous, the Tethys — or a branch of 
that sear— encroached across this north-eastern portion of the Indian Qondwana 
contment and manne sediments were deposited, remnants of which are seen 
in the southern outcrops of the Assam plateau 

As m northern India, uplift then recurred and the Mesoaoic-Tertiary 
interval was marked by erosion and the local formation of latent] o deposits 
on the exposed land surface Again, as in northern India, coal-fomung 
conditions immediately succeeded dunng lower Eocene (Banikot) times in the 
Qaro and Khasi hill areas and resulted m the formation of several seams of 
lignite, two of which are of definite economic importance It was these seams 
which were previously regarded as of Cretaceous age but Dr Fox, to whom 
I am indebted for the recent observations here recorded regardmg the Assam 
coal measures, is of the oplmon that they are all post-Cretaceous m age 

Manne conditions followed, in south-western Assam, givmg nse to the 
foramimferal Sylhet limestone stage dunng later Eocene times This limestone 
stage includes bands of sandstone with carbonaceous horizons and the latter 
locally thicken to a 4- to 6-foot seam of coal, now worked near Cherrapunji 
In Upper Assam, estuarme conditions prevailed dunng middle and upper 
Eocene times and gave nse to the important coal measures of the Ledo, Makum 
and adjoining areas Several coal seams, ligmtic and relatively high m sulphur, 
of an mdividual thickness of as much as 40 feet m places, were formed 

Following a break m sedimentation dunng the Oligocene, sedimentary 
deposition agam set m dunng the middle and upper Tertiary resulting m an 
immense thickness of sandstone and shale strata 

Towards the end of the Tertiary era, the above-mentioned orogenic move- 
ments that affected the whole of northern Indian and adjoimng tracts, caused 
the uplift, folding and faulting of the Assam area also and, oombmed with the 
effects of denudation, the coal measures were exposed along the southern and 
south-western parts of the plateau and m the Upper Assam r^;ion 

In most instances, these Eocene coals of India have not matured beyond 
the ligmtio stage, but m parts of southern Kashmir, where the tectomc forces 
were locally more mtense, semi-anthrscitio coals have resulted. 




INDU’S COAL RESERVES.i 


Ry M S Kbishnait, M A , PhD , F NJ , Oeologtcal Survey of India 

iNTBODUOnON 

When the Coalfields Committee reported m 1920, it was keenly felt 
that the country should be in possession of facts regardmg her resources in 
coal, though a rough idea was available at that time, as will be seen from the 
report on the Coal Resources of the World issued by the Xllth International 
Geological Congress of 1913 (Toronto session) This question was taken up 
by the (Geological Survey of India, which constituted a party workmg under 
the direction of Dr C S Fox The greater part of the work was done by 1930 
and tho results publisfiied m a senes of memoirs— one dealing with the Jhana 
field * by Dr Fox, a second on the Ramganj field * by Jlr E R (Gee and a 
third on the Gondwana fields * by Dr Fox A fourth memoir on the Tertiary 
coalfields is now understood to be neanng completion. The available data 
were presented, four years ago, by Sir L L Fermor, in a paper entitled ‘India’s 
coal resources’ * Smce then no new data have come to hand though the (Goal 
Mining Comnuttee of 1936-37 had occasion to review this question m its 
report® 


Total and Workable Eeeervee 

The total coal reserves of all the Gondwana areas, to a depth of 1,(X)0 ft , 
have been calculated as 60,0(X) imlhon long tons, as shown m column 1 of Table 
I This would include all coal, good and bad, and all seams down to a foot 
in thickness These quantities beoonm considerably reduced if only workable 
seams are taken into account, % e those having a thickness of 4 ft or more 
and containing not more than 26 per cent ash on the moi8ture-&ee basis 
The results are given in column 2 of the same Table 


* PubUsbed by psnniHion of tiw Director, Qeologioal Survey of In d i a. 

• Fox, 0. 8.— 7%e Jbaria CkMlfield, Man. OaiL Sun. Ini., INI (1930). 

I Glee, B. R.— The Oeology and Goal Beeonroes of tbe Bawgaiij Ooalfleld, op oU,, 
LXI (1882) 

* Fox, 0. 6. — The Lower Ckmdwana Ooalflelds of Lidia, op eft., UX (1086). 

• Itemor, L. L.— mdia'a Goal Beeonroee. Bw0 Ini¥m Indua. and Labour, No 54, 
Bee. CM. Sun. Ind., LXIX, pp. 836-868 (1086). 

« Report of tbe Goal Mining C)(an]nittee,(3hapterYI, (1887). 


VOL. Vl-No. 8. 


[Pabbihed Angnat IStb, 1040. 
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TABiai 1 


Total and workable reaervea 


C!oaI-bearmg area 

Milhon tons 

1 

2 

Darjeehng foothills and E Himalaya 

Oindih, iSeogarh and Rajmahal Hills 

Baniganj, Jhana, Bokaro and Karanpura 

Son valley — ^Auranga to Umana-Sohagpur 

Chhattisgarh and ^hanadi valley 

Mohpam to Kanhan and Pench valleys 

Wardha Qodavan valley 

150 

350 

25.000 

10.000 
5,000 
1,600 

18,000 

20 

130 

10,000 

2,000 

1,200 

260 

6,400 

Totai, 

60,000 

20,000 


Coal of good quality 

Coal containing not more than 16 per cent ash on a moisture-free basis 
and occurring in seams 4 ft and over m thickness witlun a depth of 2,000 ft 
from the surface, will come under this category The estimates of such coal, 
according to Dr Fox, are — 

Tablb 2 


Good quality eoal 


Area 

Milhon 

tons 

Oindih and Jainti 

40 

Ronigan] 

1,800 

Jhoria 

1,260 

Boluux) 

800 

Karanpura (North and South) 

750 

Hutar, Johilla, Burhar 

50 

Kurasia, Jhilu^i, etc 

30 

Taloher to Korba 

200 

Kanhan-Penoh valleys 

30 

Ballarpur Singarani 

60 

Totai. 

6,000 


Of this amount, 3,600 nullion tons occur within a depth of 1,000 ft , and 
the rest between 1 ,000 and 2,000 ft Sir Lewis Fermor has modified the figures 
for Bokaro and Karanpura and as a result gives a smaller total of 4,600 tons 
It may be remarked, m passii^, that some of the coalfields — e g those of 
Bengal, Bihar, Pench valley and Taloher — are bemg exploited intensively, 
and our knowledge of these is therefore more detailed and reliable than that 
of other fields Should it be posnble to explore the less known fields fully 
by detailed geological mapping and by bore-holes, it is qmte likely that the 
figures given above will be modified to an appreciable extent Tbs applies 
particularly to the Wardha-Gkidavari valley and to the Satpura area Dr. Fox 
has summarised the available knowledge on the various areas m his memoir 
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on the Lower Gk>ndwana Coalfields and indicated where the data are meagre 
and where they are suffioiently satisfactory In any case, the estimates are 
well on the conservative side and any extension of our knowledge is almost 
oertam to bring to light more reserve 

Beeervea of Coinng Goal 

A question which has been agitating the people interested in the metalhir> 
gical mdustnes is that concerning the reserves of coking coal in India So far 
as our knowledge goes, coking coal of Lower Oondwana age is more or less 
confined to the Bengal and Bihar fields, especially tlhana, Raniganj, Giridih 
and Bokaro In Table 3 are given Dr Fox’s estimates of good quality coking 
coal to a depth of 2,000 ft and Sir L Fermor’s modification thereof 


TABXJi 8. 

Reaervea of Ookmg Coal 


Field 

Besorves (MiUion tons) 


(Fox) 

(Fermor) (o) (6) 

Rsniganj 

260 

241 (73 + 168) 

Jharia 

000 > 

900 (737+ 163) 

Oiridih 

30 

38 (38+ 0) 

Bokaro 

320 

616 (270+ 246) 

Total 

1,600 

1,664 


(a) Down to 1,000 ft depth. (6) 1,000-2,000 ft depth 


On the basis of mfonnation supphed by Dr B Spencer of Messrs Bird 
& Co , Sir Lewis Fermor has mcluded about 360 milhon tons of the reserves 
of Karanpura under semi«ookmg coal which, when properly blended, may yield 
a suitable coke for metallurgical purposes 


Tabu 4. 

Good gudhiy eoal and ooking ooal reaarvaa at tha and of 1988 


Area. 

All good 
quality ooal 

Good quabty 
oolong ooaL 

Omdih and Jainti 

22 

20 

Ruuganj 

1,763 

1,210 

280 

860 

Bokaro 

795 

815 

Karanpura Worth and South) 

760 


Hutar, Johflla, Burhar 

60 


Kntada, Jhllmib, eto. 

27 


Talohir to Korba 

198 


Mohpam, Kanhaa-Psnoh 

30 



45 


Total 

4,800 

1,426 
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The Coal Mining Committee of 1937 had the opportumty of bnnging these 
figures up to date (i e to the end of 1936), using Dr Fox’s estimates as the 
basis (see p 62 of the Report) These are given m Table 4 Allowing for the 
depletion of the reserves during 1937 and 1938, the above figures will be reduced 
roughly to 4,860 and 1,400 million tons respectively 

There are no publislied figures of the reserves of Tertiary coal, but according 


to Dr Fox the approximate figures are as follows. — Million tons 

Upper Assam 1,000 

Khasi and Garo Hills 1,000 

Punjab, Kashmir, N W F P and Baluchistan 200 

Bikaner 100 

Total 2,300 


Having bnefiy reviewed our resources, it will be interesting to give a 
r^sumd of the knowletlge of the coal resources of the world The International 
Geological Congress Report gave the total as 7,397,650,000,000 tons of which 
09% was in North America, 17% in Asia, 11% in Europe, 2% in Oceania and 
barely 1% m South Africa and South America Table 6 is reproduced from 
‘The World Coal Mining Industry’ (p 39) issued by the International Labour 
Office in 1938, which is itself a reproduction from the Statistical Year Book 
for 1933<34 of the World Power Conference As foot-notes to this table I have 
given the latest figures available for a few countries, the greatest divergence 
being noticeable especially in the case of China 
Tablb 6. 

WoiU naouroM of coal and Ugntte 

From I L O Report on World Coal Mmmg Industiy, 1988, p 89, as quoted from 
Statutioal Year Book for 1988-84 of tiie World Power Oonferenoe 
(In milliona of metric tone ) 



Date 


Baown OOAI. AND 


of 



LXQIUITJI 


report 

Proved. 

Probable 

Proved. 

Probable 

Europe 






Anstaia 

1930 

18 

19 

611 

8,887 

Belgium 

1913 

11.000 a 



Bulgaria 

OSewoelovakia 

1984 

1988 

6,460 

1 

26,000 

600 

12,600 

1,000 

Fraaoe 

1936 

8,000 

17,000 

1,600 

1,600 

Germany (A) 

1922 

80,440 

879,600 

28,887 

66,768 

Hungary 

1988 

800 

200 

1,660 

1,660 

Ireland 

1984 

107 




Italy 

Neuierlanda 

1918 

1 

146 

61 

100 

1913 

212 

4,474 b 



Norway 

Poland 

1933 


8,000 0 



1984 

14,000 

47,790 

1,600 

6,000 

Spain 

1918 

4,600 d 

6,600 d 

Sweden 

1938 

97 

106 



USSJt (B) 

1938 

896,900 

998,000 

12,890 

202,000 

United Kingdom 

1988 

129,600 

176,000 



Yugoslavia 

1918 

8 

88 

68 

860 
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Tabui 6—eontd. 



Date 

of 

report 

Coal 

Bbowk coal and 
Lignttb 

Proved 

Probable 

Proved 

Probable 

North America 






Canada 

1913 

30,319 

242,400 

391,260 

672,686 

United States 

1928 


2,040.640 


862,128 

Alaska 

1013 


3,664 


16,660 

South America 






Argentine 

1933 

0 

60 



Chile 

1913 

2,116 




Peru 

1919 


1,000 



Africa 






S Rhodesia 

1913 

420 

670 



S Africa 

1927 

7,914 

206,682 c 



Belgian Congo 

1913 


100 



Nigeria {q) 

1934 

114 

3,360 


11,866 

Tanganyika 

1934 

800 

U 



Fr Morocco 

1034 

30 




Ana (D) 






Chma (C) 

1913 


10,112,000 



Manchuria 

1913 


1,129 



India 

1932 

6,000 

20,600 



Bnt Ikirneo 

1934 

0 

0 

3 

13 

Japan 

1932 

6,896 

16,218 

66 

473 

Chosen 

1913 


6,686 


27 

Audredana 






Australia 

1027 

20,900 

139,400/ 

10,620 

U 

New Zealand 

1934 

480 

1.400 

80 

600 


U — Not available (o) Within a depth of 1,600 metres (6) 'Actual, probable and 
possible reserves * (c) In Bpitzbergen (d) InoludoH bgmte (e) 'Proved, estimated and 

undetormined resources' of which 'proved and estunated’ amount to 21,624 milhon 
metno tons (/) Large areas still remam unprospected and the figures do not include 
them ig) Includes Cameroons under Bntish Mandate. 

(A) 288,720 milUon metno tons of coal down to 2,000 metres (Third World Power 
Oonferenee, 1936) 

(B) Goal and Lignite m European U 8 SB 113,864 milhon metno tons, m Asiatic 
part 1,603,997 million metric tons {J7th Jntemaltonal QeoiogwA Congrtet, Moscow, 1937). 

(C) 260,000 million metno tons (Third World Power Cor\ferenee, 1986). 

(D) Indo-China 12,000 million metno tons (Aftn Met,, p 333, July 1039). 





INDIA AS A COAL PRODUCER i 


Byil S Kbishnan, M A ,PhD ,F N I , Oedogxcal Survey of India 
World peoduotion 

The total world production of coal and hgmte has been steadily growing 
since 1860, except dunng the last decade when the world witnessed an unpre- 
cedented economic depression The production dunng this period is given for 
a few representative years 


Year 

Million 
metnc tons 

1860 

138 

1870 

236 

1880 

337 

1890 

613 

1900 

772 

1910 

1,166 

1913 

1,346 

1923 

1,369 

1929 

1,569 

1936 

1,446 


The peak production was m the year 1929, but it is expected that it will 
be exceeded m 1938, though the final statistics for the latter year are not yet 
available 

The output of the chief countnes is given in Table 1 from which a general 
idea of the relative importance can be gamed The Umted States, Germany, 
Umted Kingdom and USSR are now the chief producers, followed far behmd 
by a group comprising France, Japan, Poland, Belgium, India and China 
India thus occupies about the mnth or tenth place m order of importance. 
(See figure 1 ) 

Indian fboduotion 

Table 2 shows the output of the pnncipal fields of India smce the beginnmg 
of the present century. By far the largest part comes from the Lower Ghind- 
wana fields confined to eastern India in the Damodar-Son, Mahanadi and Gkxla* 
van valleys and the Chhattisgarh and Satpura regions The Gondwana 
coal occurrences of the eastern Himalayan regions are of httle or no eoonomio 
importance. Amongst the Tertiary fields those in Assam are the most 
important. 

> PaUisbed by pennksioii of the Director, Qeologioal Survey of India. 
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The aggregate output of the Tertiaiy fields was a little over 5 per cent of the 
total at the beginning of the century but it has dwindled to about 1*8 per cent 
at the present tune (See figure 2.) 

Of all the Indian fields Jharia and Baniganj are much the most important 
beoaose of their large production and also because of their oontaimng excellent 
ooal and being the nearest fields to one of the largest consuming centres of 
India. 
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PRODUCTION OF COAL IN INDIA. BY FIELDS 

Fio. 2. 



of Coal (m million metno tons) 
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3 » 


L,1S4 1^26 1,859 1,357 1,372 1,365 1,470 1,464 1,569 1,413 1,268 1,124 1,176 1,284 1,329 1,446 1,616 








(Data ti^en &Dln the Iieague of Naboiu Year Books ) 
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Tlieie is a anudl ptodaotKm in Ifigena, Belgian Oongo, Algeria, Fienoh Moroooo and New Oaledonia , these are incloded mwW **ift 
Js £w Afriea and Ooeania. 
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In Table 3 are shown the output of oountnes on the Indian Ocean and 
Western Pacific sea-boards which are India's actual or potential competitors 
At present, South Africa is a keen competitor of India not only m her foreign 
markets but also often in parts of her domestic market A point worthy 
of note 18 that Indo-China w a producer of excellent anthracite which finds 
a ready market not only in China and Japan but also farther afield In fact 
Canada took more than 86,000 tons of Indo-China anthracite in 1937. 


Qbnbbal tbbnds in coal production 
Taking the world production of bituminous coal and anthracite for the 
decade 1926-36, the average annual figure comes to about 1,234 million metric 
tons The International Labour Office has calculated that, at that constant 
rate, the world reserves will last for about 37 centimes (World Coal Mining 
Industry, 1938, p 40) Table 4, reproduced from the above-mentioned publi- 
cation, shows the reserves of a few important countries and the calculations of 
life based on different assumed rates of production 


Tabub 4 —ProbaUe Ufe oj coal reserves 


Country 

Reaervea 
to 2,000 
metres 
depth 

Average 

annum 

production 

1621t-36 

Probable hfe 

At 

conatant 

production 

With yearly mcieaae of 

0 6O/o 

2% 

Million metno tona 

Yeara 

World 

4,600,000 

1233 6 

3,730 

696 

217 

United States 

1,975,000 

636 8 

3,686 

603 

217 

USSR. 

1,076,000 1 

30 3 

36,478 

1,037 

330 

Oreat Britain 

200,000 

230 3 

868 

329 

147 

Qermany 

280,000 

1481 

1,961 

470 

186 

Poland 

188,000 

37 8 

3,661 

600 

216 

Canada 

286,000 

118 

26,810 

960 

314 

China 

220,000 

16 6 

13,880 

842 

282 


There are now more than 60 different oountnes which figure m statistics 
as coal producers Taking the coal output of the world m 1936 at 1,280 
milhon metno tons (all kinds converted to a standard bituminous type on the 
basis of calorific value), this would be equivalent to 87 7 per cent of bitummous 
coal, 7*6 per cent anthracite and 4*8 per cent bgmte. 

It IS an mteresting fact that the production of coal m 1913 was about 
the same as in 1936, though there has been considerable change m the oontnbu- 
tion of different oountnes towards this total. For instance, USA and 
Great Sritain {sroduoed nearly two-Uiirds of the total m 1913 whereas they 
were reqionsible for only hSlf the total m 1936. In 1913 the aggregate produc- 
tion of Russia, Japan, China, India and South Africa was only 7 per cent of 
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the total while m 1936 their contribution rose to about 17 per cent The 
Soviet Union has forged its way to the front rank dunng the last decade or so. 

At present over three-fourths of the world production (of coal equivalent) 
IS from four countries, and over nine-tenths by ten oountnes as will be seen 
from the percentages of output in 1936 — 


USA 

Per cent 

344 

Great Bntain 

181 

Germany 

16 2 

USSR 

87 

Prance 

3*6 

Japan 

30 

Poland 

2-3 

Belgium 

22 

India 

1 8 


Czechoslovakia 

Per cent 

1 7 

China 

1-6 

S Afnca 

1 2 

Netherlands 

10 

Manchuria 

09 

Australia 

09 

Canada 

09 

Others 

26 


It will thus be seen that the production is still greatly concentrated in a 
few countries which have made rapid progress in the mechanised industries 
Still more striking is the fact that a small group of fields in the world (Table 5) 
IS responsible for a very large part of the output 

Tabus 8 — Production by the oh%ef dutricto tn 19S8 

Million tons Percentage of 


District 

(Coal 

equivalent) 

world out] 

West Virginia (USA) 

106 6 

83 

Pennsylvania „ 

98 6 

77 

Penn anthracite ,, 

49 8 

39 

niinoia „ 

466 

36 

E Kentucky „ 

36 6 

28 

Indiana Iowa ,, 

191 

16 

Riihr-Aochen (Qermany) 

116 1 

9K) 

U and L Silesia „ 

26 2 

20 

Central lignite fields „ 

16 2 

12 

Saar „ 

117 

09 

East Upper Silesia (Poland) 

221 

17 

Donets (USSR) 

76 2 

69 

Knanets „ 

17 8 

IS 

South Wales (England) 

84 4 

2-7 

Durham „ 

31*9 

25 

S. Yorkshire „ 

80-7 

24 

Paa-de-Calais-Nord (France) 

28>6 

22 

Charleroi-Mons (Belgium) 

11-9 

0-9 

Bengal-Bihar (India) 

19-1 

1*6 


The gradual shift that is taking place in prodnotion is to be attributed 
to a large extent to the growth of industrialisation Oth«r factors affecting 
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the consumption of coal are advances in fuel efficiency and the displacement of 
coal by petroleum and water«power. 

Though coal figures as one of the most important mineral products, 
only 10 per cent of the world production enters mto world trade, for the 
producers are also important consumers C!ountnee deficient m coal try to 
develop water-power as in the case of Scandinavia, Switzerland and Italy 

There is every indication that production will go on rising in many coun- 
tries, depending on the extent of their coal resources and rate of development 
of mdustnes This is particularly true of the newer industrial countnes of 
Asia and Africa 



CONSERVATION OP COAL 


ByM 8 Kbishnan, M A ,PhD,FN I , Oeoiogtcai Survey of India 

The term ‘conservation’ as apphed to any assets connotes their preserva- 
tion In the case of irreplaceable or wasting assets like minerals it can only 
mean the avoidance of waste in all phases of handhng, and the careful and wise 
utilisation of the deposits The conservation of coal will therefore necessitate 
careful control of mimng, processmg, boneficiation, transport, distribution 
and industnal use True conservation will not be attained unless every one 
connected with any phase of winning, trade and utilisation of the mineral takes 
steps to see that no waste takes place 


The first step towards conservation is the acquisition of knowledge of 
the available resources of the country As dealt with m another paper in this 
symposium, conservative estimates show that India possesses about 20,000 
nulhon tons of workable coal withm a depth of 1,000 feet from the surface 
Qood quality coal (* e coal with less than 16 per cent ash on a moisture-free 
basis) amounts at present to about 4,860 million tons within a depth of 2,000 
feet. Of this agam, only about 1,400 milhon tons are good coking coal This 
inventory is a good approximation to truth on the data available at present 
With more detailed data and the inclusion of seams thinner than 4 feet m the 
estimate, appreciably larger reserves may be available 

Life of the reserves 

A certam defimte proportion of the reserves is not mineable smce some 
waste 18 unavoidable m mining Peouhanties of structure and composition, 
faulting, crushing, proximity to igneous mtrusives, etc have all some infiuence 
on mining and on the amount that could usefully be recovered Hence calcula- 
tions of the life by a simple division of the reserves by the present or estimated 
future consumption will be falsified by a large margin 

Best material usually worked first 

There is also the natural human tendency to get at the best material first 
and exhaust it before any serious thought is given to the poorer qualities 
available The exploitation of all minerals m all countnes has been, and still 
IS, subject to this tendency. If the best seams are worked first, parts of these 
and much of the less attractive material m the contiguous strata become spoilt 


1 PoUiihed by penninon of tbe Dueetor, Qeologwal Sumy of fridis. 
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or even unworkable at a later date, unless special precautions are taken m due 
time The less accessible areas are naturally left over for future exploitation 
Thus, as the market demand steadily mounts up, the pnce of the commodity 
also goes up because of the higher expense of mining at depth and of the greater 
difficulties to be overcome, and also the longer haulage to the consuming 
centres 

We are quite familiar with the phenomenon of the ordinary consumer in 
India buying coal by the name or the number of the seam which has an estab- 
lished reputation on the market, rather than on analysis and other scientific 
criteria This leads to the oontmued exploitation of particular seams while 
the others may suffer simply because they are not sufficiently well known 
Again when part of a seam is of high quahty, only that portion is worked 
while the rest is neglected and not infrequently wasted 

Incidence of freight 

In a large country like India with a limited geographical distribution of 
the coalfields, the cost of transport becomes an important and often the 
paramount consideration Thus, Lahore or Peshawar has to pay, in freight, 
five or SIX times the pit’s mouth value of the coal from Bihar. Places west 
of Nagpur have often to be content with the second grade coal produced m the 
Central Provinces because the cost of Bengal or Bihar coal is double or treble 
that of the local coal In the fields producing different grades, the demand is 
generally brisk only for the best grades, unless pn^te differences are sufficient 
to encourage the use of lower grades or unless research has proved that certain 
particular types are best suited for specific Uses 

Underground mtmng 

Underground mining in India mvolves at present a heavy loss of coal m 
the seams It wm estimated by the Coal Mining Committee of 1936-37 that 
only 60 per cent and 60 per cent respectively of the coal m pillars m the Bam- 
ganj and Jhana fields is being recovered at present This would mean that 
rouj^ly 26 to 40 per cent of the original coal m the seams is irretrievably lost 
under the present methods of working 

Dieadvantages of deep mining 

In some European countries it has been found necessary to work seams 
3 feet or less in thickness, because thicker seams have already been worked 
out or are not able to meet all the demand In Belgium, for instance, some 
seams barely 20 mches (61 cm ) thv^, and having comparatively high dip, 
are being worked at a dqith of nearly 4,000 feet Such conditions involve 
high engineenng effimenoy, costly meohamcal eqmpment, and high mamte- 
nanoe and labour costs conoomitantly with less production per man-shift, 
all these fisetors inevitably increasing the cost of the commodity. In the above 
instance, the output per man-shift is only about ( ton, whereas in working 
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seams of 6 to 7 feet thickness under moderate depths with the same mechamoal 
facilities the output is 4 to 6 tons Though we, m India, are still far from the 
period when thinner and inferior seams will regularly have to be worked, it 
would be well to recognise and emphasise the evils of prodigahty in the early 
stages of intensive exploitation and be forewarned about the future 

Geological ftxctors 

The geological structure of the seam and the nature of the floor and roof 
limit the recovery to some extent Coal has often to be left m the roof, 
especially of thick seams, and where the roof is weak, also in panel walla, 
pillars and boundaries, and around the shaft bottom It has also to be left 
to support surface structures, railways, roads, stream beds, etc Local patches 
of low quahty and undulations or rolls in the seams are also sources of loss 
It has been pointed out by the Coal Mining Committee that some portions of 
the seams which are worked for export are of low grade and are not worked 
In this case, part of the responsibility for ultimate loss rests upon the State 
since it IS prohibited by law to work the ungraded and graded coals at the same 
time As a general statement it is true that only the best and cheapest worked 
coal IS mmed and an appreciable portion of the reserves is left behind and 
lost at least m part Such loss is undoubtedly ‘avoidable waste’ and mihtates 
against conservation 

Mining methods 

The system of mining has to be adapted to the pecuhar local conditions 
in. the fleld and the structure of the seams in order to avoid losses to a nunimum 
Since the seams are thick in India and the mimng system followed is the 
‘pillar and stall’, the question of pillar extraction presents great difliculties 
unless adequate measures are taken for the support of the roof The measures 
now being taken by the Government of India for the enfoi cement of universal 
sand-stowing will go a long way towards the realisation of conservation 

Machine mining 

It may be mentioned m this connection that mechanisation of mining 
operations is not always conducive to the avoidance of loss. Certain types 
of equipment (e g face conveyor and scraper) permit of mimng thin seams with 
high recovery If, however, the seam contains layers of poor quahty, machine 
mimng cannot be as discriminating as hand mining, with the result that the 
grade of coal is brought down or an appreciable part of the better portion 
of the seam is left behind Under certain circumstances, therefore, mechamoal 
mimng is much less flexible than hand mimng 

Labour 

Increasing effimenoy of labour and the use of labour-saving devices will 
make for lower cost of production, and mcidentally greater safety. Labour 
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iJB cheap m India but comparatively inefScient, but there is no reason why it 
could not be trained to better efficiency The proper observance of mining 
rules and regulations depends ultimately on mtelligent and responsible labour, 
and though mining regulations aim primarily at safety they also indirectly 
aid in conservation 

Reopening of abandoned mtnee 

Pnvate agencies can function only so long as there is a reasonable prospect 
of profit Since mdustnes in most countries are sensitive to fluctuations and 
vagaries of trade, premature abandonment of mines (» e with partial recovery 
of coal) IS fairly common Once a property is partially worked and then 
abandoned, it is difficult to reopen it, for this would involve heavy additional 
expenditure in pumping, reoonditiomng, support, etc In several cases it is 
qmte uneconomic to reopen such properties and try to recover the unmined 
coal. 

RehebUitaHon of the eurface 

Finally, mined areas often present a desolate and rumed aspect, caused 
by collapses and fires This is already aaiuming appreciable proportions m 
some of our important coalfields We can also imagine what the large open- 
cast mines m the Bokaro field wiU look like when finished with The collapsed 
and mmed areas could profitably be repaired and re-graded so that they could 
be afforested or made fit for agricultural purposes 


Some economic aapeete 

In countries which do not exercise much control over the mdustry, the 
market is highly competitive, and the producers naturally want to mine the 
coal as cheaply as possible Such oonditions generally encourage waste 
It then becomes the duty of the State to enforce certam necessary steps for 
the prevention of waste, ensuring at the same time that no class of producers 
suffers a handicap thereby m companson with others This means mevitably 
a slightly higher cost of production which will be passed on to the consumer, 
but this sacnfice on the part of the latter becomes a national necessity For, 
if the consumer is reluctant to pay a little higher price now, he will be forced 
to pay a much higher sum in future for a distmctly inferior product Under 
good and efficient management it is possible to obtam a hij^er recovery of 
coal without material mcrease m cost, withm limits The complete recovery 
of pillars and roof coal, however, generally means extra cost, but there is the 
countervailing advantage that a larger tonnage is recovered from the same 
mme, there being some savings m certain items of cost such as the general 
equipment, ventilation, hauk^, etc. The land-owner gets more money as 
royalty from the same pro|^y, as also the taxing authorities. The charges 
for depredation of the value of the mining property are spread over a longer 
period and over a larger tonnage of output 
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These oonsiderations will apply in varying degrees to different properties 
In the case of the very long leases of the early da3m which were given under 
extremely cheap rates — e g some of the very early leases given by the Per- 
manent Settlement landlords of Bengal and Bihar — ^it may not be at all 
profitable for a concern to work the small amount of extra coal On the other 
hand, certain items are always more costly, such as de-pillanng, timber supports 
and labour Considenng all the factors, however, the extra cost per ton 
spread over the whole of the resources of the mine wiU be very small and will 
not seriously affect the market price in most oases 

The steady or mtermittent nature of the operations has an important 
effect on cost, since a steady output is always conducive to better planmng, 
ordered development and lower costs 

Begarding the effect of complete recovery of coal on surface subsidences, 
there should not be a great deal of difference between partial recovery and 
complete recovery, for even if pillars are left to support the surface, they tend 
to become cmshed m time and produce sags and cracks. Unless there are 
costly structures on the surface, the expense of re-grading the surface for 
agricultural purposes will not tell seriously on the cost of recovery of the coal 
which would otherwise be left unworked 

Much the most important obstacle to complete recovery is the keen 
competition m an uncontrolled market Unless it is made worth while for 
the lessee to win the extra coal, » e unless there is a market for the extra 
coal, which may be sometimes of a low grade, it will be impossible to mduce 
him to take the trouble of mimng it It is therefore imperative that the 
question of the additional cost mvolved should be studied in all its aspects 
and measures adopted to enable the mdustry to take the necessary steps for 
ensuring conservation In the last analysis, this will necessitate not only 
production control but also price control 

Excess capacity is a common feature, at the present day, of the mimng 
and manufacturing mdustnes of many countries, particularly of those which 
have had an early start m mdustrialisation It also happens that an enormous 
impetus IS given to the increase of productive capacity during times of crises 
like wars, but generally no steps are taken to reduce the capacity to noimal as 
soon as the crisis passes Thus overproduction lingers on with its attendant 
disability — ^price cutting emd cut-thimt competition Control of production 
IS the only remedy for this state of affairs 

Oonservaltion in preparation and use. 

Great progress has been made in recent years in the preparation of the 
coal for the moricet by sizing and cleaning Sizing enables the consumer 
to use the material straight in the form in which it is delivered to him and which 
suits his purpose best. Sizing of the product is an essential operation at the 
pit-head in many countries for this classifies the material for the market and 
is also a preliminary to the cleaning operation which is becoming quite common 
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Cleaning makes it possible to recover part of the coal which might otherwise 
find its way to the dumps Moreover, fine coal produced during the mining 
operations could bo brought to the surface and cleaned and sold instead of 
being left underground to become a source of danger through liability to 
spontaneous combustion, production of coal dust, etc In countries where coal 
cleanmg has become common, tho consumer has begun to appreciate the value 
of a clean product Moreover the cleaned product pays freight only on the 
material which is usable and not on the impurities, for instance, coal with 10 
per cent ash is paymg freight unnecessarily on a tenth of its weight between 
the pit-hoad and the consumer’s stockyard Hence coal preparation also 
makes for conservation 

The coal, when it reaches the consumer, should be put to the best use 
possible. Bosearoh and experience have proved that certam coals are best 
suited for certain purposes In the case when coal is used as a general fuel, 
prevention of the loss of valuable by-products is a necessary measure of conser- 
vation Recovery of by-products will not be an economic proposition unless 
there is a market for them But it must be remembered that markets do not 
come into existence by themselves but have to be created and carefully de- 
veloped As an example might be cited the case of mckol which came mto 
prominence during the Great War, but which has now assumed enormous 
importance as a peace time metal through intensive research and propaganda 
by the producing companies It should therefore be quite possible to put 
on the market carbonised coal from which the greater part of the volatile 
materials have been extracted Vanous methods of carbonisation, improve- 
ments of fuel efficiency, manufacture of hquid fuels from coal, etc should 
therefore be studied in relation to the types of coal available in the country 
We are nowadays producing appreciable quantities of soft coke by the crudest 
of methods, completely wasting all the valuable volatile constituents The 
recovery of these products will bo a useful measure of conservation There 
18 much scope in India for the manufacture of motor fuel from coal, smee 
the petroleum resources of the country are hmited Countnes similarly 
situated with regard to domestic petroleum— eg England, Qermany and 
Japan — are now engaged m meeting the deficiency by using coal as the raw 
material for the manufacture of Iiqmd fuel Agam, with two important 
coalfields withm easy reach of a great consuming centre like Calcutta, it 
should be possible to produce much of the power requirements cheaply in a 
few large central power stations based on coal 

There is a vast field for research in Indian coal A few lakhs of rupees 
spent on research will result m several-fold return to the country in the shape 
of prevention of waste, improvement of fuel efficiency and the starting of 
new mdustries to supjdy many of the articles which the country is now forced 
to import at great cost 



COAL IN RELATION TO METALLURGICAL OPERATIONS 

By Cyril S Fox, DSc, M I Min E , Geological Survey of India 

Although the total world output of coal averages one thousand milhon 
tons annually, only one*fifth of it is used as a raw material (16 per oent m 
the preparation of coke and 6 per oent m gas works) and the remainder is all 
used as fuel and most of this coal is burned for steam raismg In India, where 
the coal production durmg 1938 was over 28 milli on tons, barely 2 6 milhon 
tons or about 9 per cent was used as raw material, most of it for coke makmg, for 
the smeltmg of iron ore and the preparation of steel 

Thus by far the greater part of the coal raised in India is burned raw as 
a fuel In this oomieotion I would like to say that the oalonhc value of Indian 
coals from the Damodar Valley fields averages from 13,600 B T U’s per 
pound m the best quahties to somewhat more than 11,000 BTU’s m the 
inferior grades, but 13,000 B T U’s may be taken as a mean ot the coals now 
being exploited In the case of the high moisture coals of the Central Provinces 
the average calorific value may be taken as 11,000 B T U’s per pound 

Physical chemists m India have complamed that there is a tendency 
towards misunderstandmg m the use of the terms B T U’s per pound and 
calories if the latter term is not made quite clear, i e whether we mean kilo* 
gram-calones or calones per pound Smce one kilogram equals 2*204 pounds 
and one degree centigrade represents 1*8 degrees fahrenheit, it is clear that 
one kilogram-calone must equal 3 968 BTU’s If therefore we adopt 
the term calorie for kilogram-calones we cannot apply it to any other measure 
Now returning once more to the subject of fuel for metaUurgioal processes 
it IS of mterest to consider the coke m a blast furnace It is estimated that 
about 1*8 tons of iron ore with 1*1 tons of coke will normally yield one ton 
of pig iron In the process of smelting about ono-third of the coke, say 7 cwts 
m this case, is actucdly mvolved m the reactions which result m the reduction 
of the highly heated iron ore to produce the iron. Here agam, then, the 
major part of the coke, two*thirds, is consumed m heatmg and melting the 
charge m the furnace 

If we examine the metallurgical processes involved in dealing with 
copper, lead, zmc or other ores we find very little insistence on the nature 
of the fuel and in fact there is a tendency m ahmwt all these cases to adopt 
electrical energy for heating. In the case of aluminium there can of course 
be no other as the process at present employed is both electro-thermic as well 
as electrolytic. The great difficulties in zmc extraction, due to the necessity 
of nmg a distillation process, are being partly met by electno methods of 
heating. One may go on repeating various oases. 


VOL. Vl^o. 8. 


[PaUtahad Angut 17th, 1940. 



346 OYBIL S vox COAL IN BKLATION TO MNTAIJiUBaiOAL OPXSATIONS 


It IS when we oome to questions of making ferro-alloys and special steels 
that the question of their preparation in this country becomes direct India 
and Burma have become noted for the chromite, manganese and tungsten 
(wolfram) ores which are almost entirely exported It is thus a question 
whether these important substances cannot be used for the preparation of ferro- 
alloys in this country, and this again brings m its train the problem of coal 
as a direct fuel ys elootnoity obtained from coal or from water-power Except 
m special mstances, as in the case of the Mettur project, where the electric 
energy is a by-product water-power cannot be as attractive as coal m a 
coalfield’s power station for the generation of electric energy 

The mam problem is that of cost Can we generate electric energy from 
coal at BO low a price as to carry on the manufacture of say ferro-manganese in 
the Central Provmoes whore rich manganese ore is available but the coal is of 
a relatively low calorific value 1 If eleotno energy can be generated cheaply 
enough for the electro-metallurgy of ferro-alloj^ m India, can it not be used 
also for the eleotno smeltmg of iron ore in a modified blast furnace on the 
Trdlhatten (Swedish) pattern f Agam I must say that it is a question 
of cost 

Theoretical calculations show that raw coal used direct will be the cheapest 
fuel unless the cost of the eqmvalent amount of coke is as cheap, and, agam, 
whether the eleotno energy can be generated at a cost where the electnoal 
power 18 equal to 0 66, « e two-thirds, of the cost of the coke These are 
questions of importance and of a 'fundamental character They are simple 
and mvolve prmciples we have to consider when exammmg how the conditions 
may be satisfied 

Apfnndzx I 

EleetrwU potoer and energy 

1. One Kilogram Calone or Cal » 2*2 Calbs 

-3-88BT.U’s 
■■ 1,000 gram calones or Cola 
One Pound Calone or Calb. w 453 6 „ „ 

One B T.U.*> f -262 

One Evaporative Umt — 076 B.T.U's 

2. One amp. through one ohm produces 0*238882 cals, per sec , » e one 
watt ■■ 0*238882 cals, per sec.— 0*0568770 B T O’s. per mm. and one 
kilowatt or Kw.— 14*8329 cals, per nun. One kilowatt hour — 869*974 
cals.- 3412*66 B.T.U’8* 

8 As the year contains 8,766 hemrs one kilowatt continuously produced 
for a year yields 29,895,902 or say 30 million B.T U’s which is somewhat less 
than that yielded by one ton of good coal averaging 14,000 B T XT’s, per lb. 
which equals 31 million B.T.U’s and since one E H.P. year is 22,320,000 
B.T.U's the heat value «f coal is 1| B.SLP. year also one lb. of coal produces 
as much heat as 4 Kw. hours. (See above *.) 
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4 Thus when a consumer pays 2 annas per umt for eleotno energy 
(light) where ooal costs RsS per ton, the ratio of the eJeotnoal heat 
Rs 0-2-0 x 8766xU * Rs 1,461 to Rsg the heat is as 180 to 1 Andma 
generating station where the umt is one pioe and ooal is Rs 2-8-0 the ratio will 
be over 200 to 1 and cheaper umts should be possible 
6 Efficiencies of furnaces for melting metals 


Ooke-fired crucible steel furnace 
Reverberatory furnaces 
Regenerative open hearth (steel) 
Shaft furnaces (cupolas, etc ) 
Large eleotncal furnaces 


2 to 3 per cent 
10 to 15 
20 to 30 „ 

30 to 60 
60 to 86 


It IS thought that similar efficiencies would be obtained for the same furnaces 
if employed for smelting ores 


(‘ The Eleotno Fumaoe ’ (1914) by Alfred Staosfleld, 2nd Edn , p 40 ) 


Appendix II 


Melting temperaiurea of metala and heat required 


Metal 

C* 

J.0 

Colt 

BTU 

Watt hours 

Tin 

232 

460 

28 

61 

16 

Lead 

327 

620 

16 

28 

8 

Zino 

419 

788 

68 

122 

36 

Aluminium 

667 

1214 

266 

466 

136 

Brass (66 Cu) 

920 

1688 

130 

234 

60 

Copper 

1083 

1983 

162 

292 

86 

Cast Iron 

1200 

2192 

246 

441 

129 

Tool Steel 

1426 

2600 

300 

640 

168 

Wrought Iron 

1600 

2787 

343 

617 

181 





COAL IN RELATION TO POWER 
By Cybil S Fox, D8c , MI M%n E , Oeologteal Survey of India 

It IB unnecessary to discuss questions of power from the sun’s heat, tho 
tides, or the wind, as these are not serious considerations at present when 
we can secure relatively cheap power by well-known methods from hydro- 
electnc sites, fuel oil and coal It is to these I will draw attention 

Water-power has come to be understood as one of the cheapest means of 
supply because the cost at Niagara Falls, Kinlockleven (Scotland), and m 
Norway and Sweden are said to average, respectively, Rs 60, Rs 28 and Rs 16 
per kilowatt year or from 0 10 to 0 03 annas per umt (kilowatt hour) 

This kind of cheap power may be available m this country when tho 
discharge water is saleable for irrigation purposes and the storage dam a part 
of an imgation scheme This is the case at the Mettur project m Madras 
which 18 also close to a railway and to deposits of magnetite and magnesite 
fot* the possible preparation of electrically smelted special steels and nrin t AlIm 
magnesium 

With regard to oil fuel the demand may be gauged by imports of nearly 
£2,000,000 from Iran, while the imports of Burmese petrol (£2,000,000) and 
kerosene oil (£4,600,000) are still higher These are all costly items and as 
India produces only about 76 milhon gallons of petroleum (£1,000,000) the 
threat of imported oil fuel for power purposes can be discouraged by attendmg 
to the subject of liquid fuel by-products from Indian coal. 

In 1938 the Indian production of coal was over 28 milhon tons valued at 
Rs 1,064 lakhs (£8,000,000) and of this total perhaps one-iunth was used as 
raw material m making hard coke or m manufacturing gas The remamder 
was burnt raw as fuel, largely for steam raising for power purposes m various 
mdustnes, on the railways and for ships And most of this coal, which was 
used as fuel, was burnt as raw coal 

If we consider that, say, 21 milhon tons of coal were burnt raw, we also 
conjecture a vast loss of nch gases, upwards of 200 milhons of gallons of valuable 
tars (saleable at £2,600,000— Rs 330 lakhs) and other by-products However 
much we may at present deplore this, we must face the actual facts of the 
case, and these are that the raw coal is cheap and may be burned with great 
thermal ef&cienoy m boders. 

The average pit mouth’s value of Indian coal m the chief produemg area 
of India— the Damodar Valley— is probably Re 2-12-0 and might sometimeB be 
reduced to Rb. 2 in many oases The oalonfio value of these coals vary from 
over 13,000 B.Th.XJ’s. per lb to 11,000 B.ThU’s. and the average can be 
taken as about 12,000 B.Th U’s. This lepresents nearly 27 million B Th U’s. 
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per ton so that roughly 2*6 tons of coal can yield 2 kilowatt years of eleotnoal 
power (3 electrical horse power years) 

Turning now to the generation of electrical power in practice we have to 
allow for losses in transfer of heat through mechanical energy to electrical 
power which, in an overall system of boilers-turbo-generators, may not exceed 
15 per cent. So that roughly 8 34 tons of coal are required per kilowatt year. 
Presuming the genoratmg station was at or near the oolhery and the coal cost 
Rs 2-8*0 per ton, the cost per kilowatt year would be Rs 21 or 0*038 annas per 
umt (» e per kilowatt hour) 

Estimating for a 100,000 kilowatt station operating at full load or at 
least a high power factor we may allow Rs 260 per kilowatt for the cost of 
the plant (machinery, etc )or a total of Rs 260 lakhs which at so high an interest 
at 4 per cent would add Rs 10 per kilowatt year to the price of power Alluding 
next for working expenses, upkeep, transmission and profit — say Rs29 per 
kilowatt year, we get a total, rather optimistic perhaps, figure of Rs 60 per 
kilowatt year or 0*112 annas per umt (1 4 pies) which is the same as the average 
for Niagara 

It IS not to be forgotten that I have estimated generously for coal which 
can be got more cheaply and also for interest on capital, but 1 have not faced 
the full question of power factor and some of you may consider that I have 
overlooked such important details as water supply for the cooling system which 
may require 6 to 10 million gallons a day I have found several sites in the 
coalfields, both for cheap coal and sufficient water, and venture to say 
that cheap power from coal could be secured at about the cost I have estimated 
if it can be all sold 

I must again return to the subject of burning raw coal as against recovering 
the by-products, and I venture to lay down a general prmciple This is that 
the by-product recovery will only lower the power cost where the power 
station IS actually in a great mdustrial works, but m separate isolated power 
stations it is better to use raw coal in pulverised form of smtable, though not 
necessarily of the best, quahty Much of the ease of working will depend on 
the character and amount of the coal ash If the coal has a high ash content 
but the ash is of low iusibihty it will readily form slag which will be easy to 
handle and dispose of. 


4 * 



CARBONISATION OF COAL AND RECOVERY OF BY-PRODUCTS 


By B WiLSOK Haioh, M LA, {Bihar), M 1 Chem B 

No excuse is needed for the inclusion of this subject m the symposium 
'Coal in India’, for the subject is one of tremendous importance m the 
industrial hfe of the country and especially the Provmce of Bihar 

What ts meant by Carbomuatton 

When coal is heated m the absence of air so as to expel part or nearly the 
whole of the ongmal volatile matter of the coal, it is decomposed and the 
process is termed destructive distillation With coking coals, however, the 
particles fuse together, coalescing to form a coherent mass which is called coke 
The carbon residuum of the original coal has become cemented with a bmding 
ingredient formed oi hberated durmg the heatmg Coals with a high binding 
power are called strongly coking coals, those with a low bmding power are 
feebly coking; there are also non-ookmg coals which have no bmding power 
at all such as anthracite When the coal is heated to temperatures varymg 
from about 400'’-700'’C. the operation is generally known as Low Temperature 
Carbonisation When the temperature to which the coal is subjected is between 
say 900“ and I300“C this is c^ed High Temperature Carbonisation and this 
IS the one which is practised m India There is also Medium Temperature 
Carbonisation earned on at a temperature of about 800“C , httle practised as 
yet but about which more will be said later If non-ookmg coals are so heated 
as to dnve off most of the volatile matter and afterwards allowed to cool, the 
residue appears to have the same form as the original coal, so that if the coal 
IS first crushed, nothing but a black powder remains after heating. 

H%gh Ten^perature Carbameaiton. 

This may be conducted in beehive ovens which are firebrick chambers 
shaped like a beehive The heat retamed m the structure commences the 
distillation, the gases given off from the coal mix with air which is allowed 
to enter above the door and combustion takes place— the heat reflected 
from the dome carries on the carbonisation— the products of combustion 
pass out at the top of the oven Very good coke can be produced in this way 
and also m the 'Coimtry oven’ which is a long narrow rectangnlar chamber 
where the heat is also produced by the combustion of the evolved gases. This 
process is slow, the carbonising time varymg from say 48-72 hours but nowa- 
days furnace and foundry cokes are chiefly made m the by*produot oven. 

This is the source of most of the coke used m the iron and sted industries 
today. In the beehive oven process the only product is coke but, tm is implied 
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in the name, the by-prodnot oven u the source of by-products — coal gas, coal 
tar, ammonia, benzole, naphthalene and some others 

Some idea of the magmtude of the coking industry may be gained from 
the Report of the Chief Inspector of Mines in India for year ending December 
31st, 1937 He gives the figure of 1,848,621 tons coal despatched from Jharia 
alone to coke factories and 88,640 tons of hard coke despatched from Jhana 
786,126 tons of soft coke were also despatched from Jharia, mostly made, 
not in ovens, but by the ‘heap’ method There are vast deposits of first class 
iron ore in Bihar The best cokmg coals are also mined m Bihar so that with 
one exception the large coke factories are situated at the oolheries m Bihar 
or the Steel Works of Tatas’ also m that province The iron ofe is so pure 
that coke of a higher ash content than is generally used in steel manufacture 
in other oountnos can be used m India The lowest ash m Indian-made coke 
IS about 16% and it is often used up to 22 or 23%, and even then sometimes 
less than 18 ewts of coke per ton of pig iron is used in the blast furnaces 

The by-product coking mdustry is of comparatively recent growth, the 
first by-product coking plant m Groat Bntam was installed in 1881 by Henry 
Simon working in conjunction with Francois Carves, a distinguished French 
engineer, and the first plant in India was built by the same firm (Simon-Carves, 
Ltd ) at Qindih in 1009. Since then enormous strides have been made and 
m 1940 it 18 anticipated that at Tatas' Works m Jamshedpur they will be able 
to manufacture over 3,600 tons of coke per day or 1,300,000 tons per annum 
This plant will be the largest single coking plant m the British Empire with a 
maximum capacity of 6,400 tons of coal per day 

Described in non-teohmoal language a coke oven is a long rectangular 
chamber built of fiirebnok, (nt sihoa bnoks Ten metres (33 feet) used to be 
the standard length with a height of 2| metres, but the modem tendency is 
to build larger ovens and the latest type m India measure 44 feet 6 mches 
long by 14 feet 7 mches high by 17| inches mean width These ovens each 
take a charge of 20 tons of coal and are capable of carbonising this m 16 hours, 
the normal operating time is 18 home On either side of the chamber are 
flues heated by gas and underneath is a sole flue similarly heated. The gas 
used for heating is generally that produced m the process which is normal 
coal gas. Its composition varies The following flgures are typical: — 

Per cent, 

eSarbon dioxide . . . 0*7- 2*0 

Benzol, etc. .. .. 0*6- 1*6 

Heavy Hydrocarbons and Tar . . 1*0- 6*0 

Carbon Monoxide . . . . . 6 0-10K> 

Methane .. .. .. 24*0^6 0 

Hydrogen ^ .. .. . 60*0-69*0 

Nitrogen " . . l*0- 6*0 

Hydrogen Sulphide .. .. 0*1- 1*0 
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The quantity of gas evolved from 1 ton of coal vanes of course but an 
average figure is 10,000 ou ft per ton having a heating value of 460-500 
Bntish Thermal Units (net) per cubic foot This is called ‘nch gas ’ and is a very 
valuable heating agent Sometimes all the coke oven gas is used for heating 
purposes as at a steel works or it may be sold for domestic hghting and heating 
in cities or towns 

In that case the ovens have to be heated by ‘lean gas’ either blast furnace 
or producer gas and under those circumstances a special type of oven is avail- 
able called the Compound Oven These are of course of the regenerative type 
where the air for combustion is strongly pre-heated The products of com- 
bustion are passed through a chequer work of firebrick which becomes heated 
to a red heat and after half an hour, air for combustion is passed through 
the regenerator, There are two sets of these and they are used alternately 
every half hour Dunng one period they are heated by the products of com- 
bustion and dunng the other penod air is passed through to be heateil Where 
‘ lean ’ gas is used the gas is also pre-heated in a similar way before combustion 
through a separate regenerator 

The coal is charged mto an oven through smtable openings in the top, 
thn charge is levelled by a long arm operated electrically passing over the 
charge and the doors and charge holes are made gas-tight 

The leveller is attached to the ram or coke pushing machine which 
discharges the coke into a oar in which it is quenched by water or on to a 
coke bench of cast iron plates where it is cooled in the same way The products 
of ^tillation escape through the ascension pipe controlled by a valve mto a 
collectmg main which is constantly flushed either by tar or liquor to remove 
the dust which is earned m the gas stream 

The gas is pulled away from the collecting mam by means of an exhauster 
and forced through the different pieces of apparatus where the by-products 
are removed, back to the return mam where it is burnt m the heating flues or 
supphed for other uses In the most modem types of ovens as much as 60% 
of the gas may be ‘spare’ and available for uses other than heating the ovens 
The cycle is contmuous and there is rarely any gas-holder provided for gas 
storage and when for any reason the cycle has to be mtemipted the whole of 
the gas has to be by-passed and the crude gas blown away mto the air — an 
operation m which there is an element of danger and which needs great care 

Oven ConOmiwn 

Nowadays ovens are built on a reinforced concrete decking supported 
by reinforced columns earned on a reinforced concrete raft This is necessary 
owing to the larger modern ovens being so much heavier. Brickwork arches 
^duch were formerly used could not support the great weight of the modem 
superstrooture. 

In oonstruotion of the ovens refractory material of the highest grade 
has to be used and it is a fortunate drcumstance that there are ample supplies 
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of first class fireclay and silica materials within easy reach of where they are 
required The manufacture of refractories has progressed m Bengal and 
Bihar to a remarkable degree It is now acknowledged that the special shapes 
in fireclay, semi-silica and silica which are required m oc^e oven construction 
can be manufactured of as fine a quahty, with as great precision and with as 
small a tolerance as m any other country 

It must never be forgotten that the most important product from coke 
ovens IS coke and it is the duty of the coke works manager to produce the best 
possible product from the coal at his disposal If he uses different coals careful 
blending is called for and a vanation in the coking tune may often make 
considerable difference to the resultant coke 

If the blast furnace manager is to get the best results, what ho aims at 
IS to reduce coke consumption to the minimum so as to get the lowest coke 
consumption per ton of pig iron. To do this he must have coke of regular 
quahty, sufSoiently hard to stand the burden of the furnace (that is why soft 
spongy coke is useless for the purpose) On the other hand it must not be 
too hard or lacking m porosity otherwise it would pass down the furnace mto 
the slag at the bottom without performing its function, which is to reduce 
the oxides of iron to the metallic state That is why the ‘Jhama Coke’, a 
natural coke produced by the carbonisation of certam Jhana coal seams in 
8%lu IS useless for blast furnace work It is so hard and non-porous because 
it has been coked under such great oom{ffeesion of the overlying strata Coke 
IB also used in foundnes for melting iron and brass to make castings It is used 
m sugar faotones, aerating gas factones for producing COg and m smithies 
for blacksmiths’ use 

Coke also contains sulphur and phosphorus and a portion of these finds 
their way mto the pig iron dunng the blast furnace operations, when m excess 
both have a deletenous effect on the pig iron Fortunately Jhana coals are 
very low in sulphur — the best contam only about 0*6% which is neghgible 
Qindih coke is particularly low m phosphorus and so is smtable for the 
manufacture of ferro-manganese 

Nothing has been wntten about gasworks practice which is also a branch 
of high temperature carbonisation is conducted in nests of fireclay 

retorts and the chief product is not coke but illuminating gas and the retorts 
are heated by burning coke, the balance being sold as gas coke for domestic 
use 

Tar and ammonia are also recovered and the gas is stored in large gas- 
holders and distributed throu^ a system of mams and metered to the vanous 
consumers for commercial or domestic heating, cooking and lightmg As is 
well known, some (laloutta streets are lighted by coal gas 

Low Te$nperatwt OaHxmisaiion. 

In this system the^ooking temperatures range from about 660* to 700*0 
or a little hi^^er The mam objects of thus restricting the temperatures are* 
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(1) to obtain maximum yields of bquid products, and (2) to produce free 
burning semi-ookes containing proportions of volatile matter ranging from 
8% up to about 20% The yield of rich gas in L T systems will range from 
2,000 to 7,000 ou ft per ton of coal and its oslonfio value may be from 700 
to 1,000 B Th U*B per cubic foot 

Generally speaking, the gas and oils from the L T process are mostly of 
the paraffin series of hydrocarbons whilst high temperature carbonisation 
yields aromatic hydrocarbons of the benzene senes 

The chief product of the Low Temperature process is a smokeless fuel 
and several successful fuels have been marketed in England, notably Coalite, 
but it can only be regarded as a luxury fuel for it is sold at a high price some* 
where round 46 shillings per ton, higher than that of best house coal A vast 
number of experiments have been done during the last 30 years, many systems 
have been tned on a semi-commeroial and commercial scale, hundreds of patents 
have been taken out, millions of pounds of capital have been expended most of 
which has yielded no return to shareholders, and whore profit has been made 
it has only been due to the ‘fancy’ price which the producers have been able 
to obtam for their smokeless fuel The main filhp to this mdustry comes 
from the patnotio people who deplore the smoky atmosphere of England’s 
cities and towns and who try to do their bit to reduce it and the resultant fogs, 
by burmng a smokeless fuel 

The British Government have tned to help by grants-m-aid and by 
purchase of the Low Temperature oils for use in the Navy but even with these 
adventitious aids the prospects are not favourable 

There is much loose talk and often ill-mformed newspaper correspondence 
m Calcutta and elsewhere asking why large-scale Low Temperature plants 
are not established in the coalfields to recover the valuable by-products (dyes, 
etc ) which are now bemg lost The Bihar Government are making expen- 
ments with this system but they are instigated by those who have a rather 
limited knowledge of the subject and are, in the opimon of the writer, likely 
to meet with httle success 

The capital cost of such plants is high Where is the profit to come from 
to pay the mterest, — after providmg for the overhead charges and working 
costs, — let alone any dividend 1 Where is the market for the semi-coke at a 
price that will pay ? 

Other products are Low Temperature tar of which 10-18 gallons may be 
recovered f^m a ton of coal but as it is not suitable for road tar, where is the 
market for it ? 

Sulphate of ammonia is also recoverable but probably not at a profit 
Sulphuric acid has to be manufactured or bought and some coke plants have 
already ceased to recover this by-product as it caimot compete with synthetic 
ammonia Motor spirit is another recoverable by-product but has to pay 
an excise duty of lOas. per gallon (now 12as ). Even on a large scale it would 
cost 4 or 6 tunee as much to manufacture as petrol, so again how could it be sold 
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to compete with petrol and yield a profit) These facts shotdd be known 
before Governments or investors sink money m projects which under present 
conditions have little hope of success There are many difficulties in the 
way, both teohmcal and other, and probably no other teohmcal process has 
yielded so many cbsappointments 

Med%um Temperature Carbon%eat%on 

This is a process which hes in between the high and low and may be 
conducted at temperatures round about SOO^C 

Its main object is the production of a smokeless domestic fuel 
There are now more coke plants in India than are reqmred to produce the 
hard coke required for the iron and steel industries and coke oven owners 
may now be compelled to turn their attention to the domestic coke market 
The adaptation of coke ovens for the production of a free burning reactive 
coke has been proved to be possible notably m France and loss in Great Britain 
and the time is soon coming when close attention wiU have to be given to the 
subject m Bihar Soft coke as made in heaps or mounds is sold very cheaply 
as there is no capital expenditure mvolved m its manufacture but generally 
speakmg it is a very low grade fuel though the Soft Coke Cess Comimtteo are 
trymg to improve it and push its sale which is mcreasmg fairly rapidly 
(786,126 tons were sold in 1937 and over 900,000 tons in 1938) 

If, however, a demand for a clean readily igmtable fuel at a higher pnce 
than soft coke can be created and developed there must be a great potential 
market in India No doubt the difficulties are many, a very highly developed 
marketing organisation would need to be established and the fuel would 
probably have to be dehvered m jute bags by lorry from house to house on 
a cash basis. 

It may develop mto a profitable distributing agency if properly organised 
and managed 

The by-products produced at fiOO'^C are of a eharacter similar to those 
obtamed m normal high temperature carbonisation and are thus more valuable 
than the paraffimc bodies obtained by carbonisation at low temperatures. 



CARBONISATION OF COAL 


By W. J SAVAa»,i AMI Chem E 

The history of oarbomsation of (Kial goes back about two hundred and 
fifty years but progress was slow until a hundred and fifty years ago when 
William Murdoch first used gas for pubho lighting From that time a great 
industry has developed and gas supply is one of the most important pubho 
utility undertakmgs in modern life 

Until recent years the oarbomsation of ooal was considered as ‘destructive 
distillation’ but with the moreased importance of the by-products— coke, 
tar, etc — ^this phrase is falling out of use During the past two decades a 
large amount of scientific work has been earned out to detenmne the best 
conditions and typo of plant employed 

It is generally accepted that ooal is the product of the decomposition, 
under great pressure, of vegetable matter Dunng this process, the carbon 
content mcreases and the hydrogen and oxygen contents decrease The 
percentage of volatile matter decreases until at the stage when the hardest 
ooal, anthracite, is formed, the proportion is only about one-sixth as compared 
with that of ligmte, which may considered as a midway product m the 
formation of anthracite from the original vegetable matter 

The question of finding the most smtable ooal is of vital importance to the 
Gas Engineer and is influenced by several factors These factors also detenmne 
the kind of plant m which the oarbomsation is to be earned out Practically 
all ooal 18 carbonised m one of the foUowmg types of plant * — 

(1) Horizontal Retorts. 

(2) Vertical Retorts 

(3) Coke Ovens. 

(4) Chamber Ovens. 

If the mam product required is Town Gas, either of the first two is 
generally used. If hard coke for metallurgioal work is the main product, ooal 
IS carbonised m the third type of plant The fourth system. Chamber Ovens, 
is a combination of the two. In addition to these types there is another 
system coming into use for the production of li^t oils, benzols, etc., by the 
carbonisation of ooal at low temperature but the amount of ooal so carbonised 
is very small at present. 

/Horizontal retorts are usually made of fireclay and the dimensions are 
20 feet X 22 inches x 16 indies, the section being a rough A shape. The 
general practiee is for the retorts to be set m a'bed* of four tiers of two retorts 
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At each end of the retort a oast iron mouthpiece is fitted from which the gas 
as generated is carried off through iron pipes to a hydrauho mam fixed on top 
of the bed The pipe from the mouthpiece is sealed, usually about i', m liquor 
in the hydraulic main The mouthpieces are fitted with doors which are 
hermetically sealed by means of an eccentric lever When the doors are 
opened for charging with coal or pushing out coke the seal prevents air bemg 
drawn m and mixing with the gas The * beds’ are heated by producer gas 
generated from coke and each bod is a separate unit with its own furnace 
The temperature of carbonisation reached is 1260“C When a retort is emptied 
of coke produced from the previous charge of coal another charge is put in 
by means of the stoking machme and the doors are closed as quickly as possible 
With Indian coal the average weight of the charge is lOi cwts and the period 
of carbonisation is 10-11 hours By the end of that period all the gas is driven 
off together with all tar vapour, etc and only coke remams The gas, tar 
vapours, etc are drawn through the condensmg plant, whore the tar condenses 
out, by means of 'exhausters’, and then passed through the washing and 
scrubbing plant to remove cyanide products and ammonia and finally through 
large cast iron chambers (purifiers) contaimng ferrous oxide to remove 
sulphuretted hydrogen 

In vertical retorts the coal gravitates through the retorts and the residual 
coke IS extracted at the bottom In the majority of vertical retort mstallations 
the process is contmuous although there are a few where the charge of coal 
18 dropped m and left until the carbonisation is completed when the coke is 
released into wagons by openmg the bottom door In the contmuous process, 
coal enters at the top and coke extracted from the bottom This process 
ensures a regular quahty of gas produced The heating of the retorts is by 
producer gas and usually is so regulated that the top 5 or 6 feet of the retort 
18 comparatively cool, the centre section is heated to a temperature of 1300'’C 
and the bottom section of the usual 26 feet length of retort is progressively 
cooler than the middle section Near the bottom a controlled supply of steam 
IB admitted which, meetmg the moandescent coke, combmes with the carbon 
fonmng ‘water gas’, which may increase the yield per ton of coal by 30%, 
this latter figure depending, of course, upon the quality of gas required A 
further effect of admittmg steam is that the water gas scours the plastic coal 
and washes out many gaseous hydrocarbons which otherwise would be decom- 
posed if left in contact with the hot sides of the retorts 

In India the bituminous coals used for gas manu&cture are not of a very 
wide choice All coals, of course, will produce gas but the most smtable are 
of a limited quantity in this country. A Gas Engineer firstly requires a coal 
that will give a large volume of ^ after punfloation but also he must have a 
coal which will produce a good saleable coke and a fair yield of tar The 
moisture content of the coal should be very low because when coal is brouj^t 
into the retorts the firsf aubetanoee to be distilled are the free water and light 
oils. If the water content is high, too much weak virgm hquor is 
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produced which reduces the efficiency or increases the cost of the production of 
ammonium sulphate 

A proximate analysis of good gas coal in India is — 


Moisture 

Ash 

Volatile Matter 
Fixed Carbon 


15 % 

110 %-) 

34 6% > dry basis 
64 5%) 


with the calorific value over 13,000 B Th Us per lb 

The ash content is at least twice as high as that of good English gas coals 
and the fusion point of the ash is low This latter factor has a bad effect 
upon the producers which supply the beds with gas for heating and it is 
necessary to adopt special grates to prevent heavy clinker forming Also, 
the quantity and quality of the ash renders its use almost impossible in 
oarburetted water-gas plants, which are frequently used m Europe as auxiliary 
to coal gas plants and exclusively used in some parts of the USA and 
Canada 

Another unfortunate feature of a good Indian gas coal is that in most 
cases when it is plastic dunng carbonisation the mass shells considerably 
This has in the past prevented the mstallation of vertical retort plants in 
India and has led to the loss of export trade to gas undertakings on the 
China coast. Two years ago, however, the Hongkong Gas Company working 
with the contractors who erected their vertical plant solved the problem of 
Indian coal ‘stickmg’ in the vertical retorts and now have recommenced 
importmg The Shanghai Gas Company also find they can now use Indian 
coal and, as supplies of Japanese coal are no longer available, may use it in 
preference to Australian coal which, although easier to carbonise, is dearer to 
purchase 

One obnoxious impunty, sulphuretted hydrogen, to be found in crude gas 
is produced from pyrites m coal and in this respect Indian gas coals are superior 
in most respects to European coals The ‘free pyrites’ is usually well below 
0*5% and the percentage of HjS in crude gas is below 1% This small pro- 
portion IS easily extracted The small amount of pyrites present reduces the 
danger of spontaneous combustion when stored At my works Indian gas 
coal 18 stored under cover to a depth of 16 feet and no case of fire has occurred 

In carbonisation the ‘decomposition pomt’ of coal vanes with different 
kinds of coal. When coal is first heated in a closed retort or chamber occluded 
gases are first given off These gases are mainly paraffin hydrocarbons and 
are given off at temperatures between 160-200"C Water vapour and light 
condensable nils are given off up to about 400°C and dunng this range sulphur 
compounds and oxides of carbon are evolved. From 400°C large volumes of 
gas which are rich m hydrocarbons are produced. These hydrocarbons 
combine with the lighter oils, benzene, toluene, etc and form ‘ gas tar ’ Above 
1000"C only gas containing a large percentage of hydrogen is evolved The 
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ongmal nitrogen in the coal, plus some of which may have leaked m dnnng 
the process, combines with the hydrt^n and forms ammonia It can be 
assumed that the maximum combmation occurs when the retort is at a tem- 
perature of about 1000**C , and if the carbonisation of coal is carried to the 
extreme, say several hours at 1300*C , the total quantity of ammonia produced 
IB not greatly increased If the gas is not extracted from the retorts, the 
ammonia would be decomposed before the retort reached 1000®C and it has to 
be remembered that during carbonisation, when the temperature is rising to 
say 1260'’C , the gases evolved are being continuously extracted by the 
exhauster There is no doubt the presence of other gases prevents or retards 
the decomposition of ammonia Some of the original mtrogen m the coal 
combines with the hydrogen and the carbon of the incandescent coke to form 
hydrocyanic acid and also a little free cyanogen HCN does not form below 
900® and it is believed that at the higher temperatures some of the ammonia 
18 decomposed by the incandescent coke to produce this impurity which has 
to be removed 

The proportion of carbon dioxide in the gas produced would be about 1% 
if the coal were distdlod in a hermetically sealed chamber In practice such 
conditions cannot prevail and air and waste gases from the exterior of the 
retorts enter through the pores or cracks m the fireclay retorts, the interior of 
the retort being kept at about 2/lOths of an inch vacuum The oxygen so 
entering combines with carbon of the mcandesoent coke or gaseous compounds 
and carbon dioxide is formed It is the aim of a Gas Engineer to keep the 
percentage of this ‘inert’ constituent of the gas as low as possible 

Where coal gas is supplied to consumers the quality is governed m most 
oountnes by Acts and the undertaking is severely penalised if the calorific 
value falls below the standard defined or if sulphuretted hydrogen is present 
The general standard for the Umted Kingdom is 460 B Th Us per cubic foot 
of gas The problem that has to be met is to obtam the highest yield of gas 
per ton of coal whilst keeping the quahty of the gas supplied above the standard 
calonfio value All good gas coals if distilled m a perfect atmosphere m the 
retort, that is the gas is extracted as generated without either pressure or 
vacuum, would produce gas at the temperatures prevailing too rich with a 
corresponding low volume In honsontal retorts the gas during the first 
three hours of carbonisation would contain such a hi(^ percentage of hydro- 
carbons that the usual burners of consumers’ appliances oould not supply 
sufficient air for combustion and tong smoky luminous flames would resffit. 
On the other hand the gas produced during the last three hours of carbonisation 
would be of tow calonfio value as the hydrogen proportion rapully increases. 
To obtain a satisfactory mean and to produce a gas of consistent quahty the 
charging of retorts is spread over the period of carbonisation. In India where 
the retorts are set in four tiers it is the praotioe to ‘charge* the retorts of eadi 
tier in turn spreading the Irhole operation to cover the lO-ll hours of oarbonisa* 
tion. This means that gas generated m each ‘bed’ is being generated from 
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ooal m four different stages of oarbomsation with the result that the gas 
IS well mixed before passing through the condensers, washug plant, etc 
to the holders for distribution to the town To avoid waste through the 
porous retort material it is usual to keep a slight vacuum — about moh 

water gauge — ^inside the retorts This is controlled by a water-sealed governor 
fixed on the foul main between the hydraulic mams and the oondensmg plant 
Should any variation m the quakty of gas produced as indicated by the recording 
calorimeters occur the attendant can immediately restore conditions to normal 
by altenng the ‘ pull ’ on the retorts by ad] usting this governor If the calorific 
value of the gas is too high a little extra vacuum will remedy this and vice versa 
In both systems of carbonisation— horizontal and vertical retorts — the 
most economical working is obtained by removing the hydrocarbons away 
from the moandesoent coke or sides of the hot retorts before decomposition 
(or degradation) has proceeded too far It is a matter of experience to deter- 
mme with each installation and each coal or blendmg of coal which conditions 
give the best results The decomposition of the hydrocarbons lowers the quahty 
of the gas and also adversely affects the tar When the decomposition occurs 
some of the hberaied carbon is carried forward by the gas and deposits in the 
condensed tar moreasmg the percentage of ‘free carbon’ 

It IS not possible to say which system of carbonisation is best as every 
installation has to be considered m relation to local demand for gas and type 
of coke and also the kind and cost of ooal available for carbonisation. 




FUEL OIL FROM INFERIOR JHARU COALS 


S K Roy, Ph D {Zunch), Dhanhadt and S S Ghosh, M 8c , Patna 

The existing coke ovens, owned by the Government and big mdustnahsts, 
utihse supenor grade coals for making hard coke and many of them also 
recover the various by-products of this high temperature process So we 
already possess, thanks to the well-equipped coke ovens at Gindih, Bararee, 
Jamshedpur, Bumpur, Kulti, etc , a substantial knowledge of the gas and tar 
contents and in some oases of other products of the superior class coals of the 
Jhana Coalfield which is now mostly used as fuel S S Ghosh, H K Sen, 
Dr Sanjaiia, Dr Bhattacharjee, Dr Mukherjee, Dr Ghosh and others have 
also mterested themselves from time to time with the low temperature car- 
bonisation of Indian coals, but in most oases they mterested themselves only 
with the ‘aristocrats’ of our coals, and sometimes the samples treated were 
rather mdefimte and unspecified. But whatever may be the case with our 
high grade coals nothmg so far is known about the gas and tar-produomg 
capacities of the immense quantity of second class coals used m the Jhana 
Coalfield for making soft coke nor do we know anything about the composition 
of the gas and the donvatives of the tar they produce, although m the manufac- 
ture of soft coke about one-third of the coal is lost in the form of gas and tar 

So far as wo know, only Dr C Forrester, Pnncipal, Indian School of Mines, 
has earned out in a systematic manner the distillation tests of this type of 
second class coal utilised for soft coke makmg, and has detennmed the 
tar contents of the coals under vanous temperatures But he too has not 
fractionated his tars and all his results are the property of the Soft Coke 
Research Committee who have not yet published them. 

Takmg the most conservative estimate of about 2 million tons of soft coke 
being annually manufactured m the Jhana Coalfield for which 3 miUion tons 
of second class coal is burnt, and putting its tar content at the moderate figure 
of 10 gallons per ton of coal used, about 30 million gallons of tar, comparatively 
nch m motor spint, light oils and other substanoes, are lost to our country 
per year. It is, for this reason, that we undertook firstly a series of researches 
on the gas and tar contents of the poorer grade coals used for soft coke mulring 
m the Jhana Coalfield and subsequently endeavoured to find out what are the 
by-products of this tar. The results of our experiments are given m the 
following pages The experimental work was earned out by the junior author 
m the laboratories of Prof. B. G. Boy, Science College, Calcutta University, 
under the direction of the senioT author and with financial assistance &om the 
senior author and his coUeagne Prof. S. K. Bose. 
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Experitneintdl deta^ 

The experiments were earned out m a cylindrical mild steel retort prepared 
out of a piece of steam pipe of 6* inside diameter and 2' -9* long The thickness 
of the wall is J' During the first two experiments the pipe was closed at 
one end with a screw cap while the other end was provided with a reducing 
socket 5" to 1' connected with a 1-inoh elbow pipe for the extraction of volatile 
matter This is more or less similar to the arrangements made on a previous 
occasion for experiments similar to the present ones by the jumor author 
jointly with Dr H K Sen (S S Ghosh and H K Sen — Proc Inst Chem 
India, Vol VI, Part 2, 1934) 

But difficulties were experienced in the discharge of coke from such a retort 
and after the second expenment we were obliged to think out a more smtable 
retort lor further experiments The reverberatory furnace employed on a 
previous occasion (loc at ) for similar experiments was not found smtable on 
actual tests as it could not mamtain the necessary temperature of SOO^-fiSO” 
Centigrade reqmred for our experiments On account of its firing arrange- 
ments from below it used to get very hot in the lower parts — ^the temperature 
rising there m the neighbourhood of 760“ Centigrade — but in the upper part 
it was difficult to maintain constantly even 600“C In order to eliminate this 
difficulty, we decided, after some discussion, to change the vertical retort into 
a horizontal one with the following special arrangements for mamtaimng 
uniform temperature throughout the retort Most of the laboratories engaged 
in low temperature carbonisation work never recommend vertical retort 
systems, though m large-scale commercial works both types of retorts are m 
vogue. 

The following is the description of our retort and firing system — 

Two flange-heads were welded at two ends of the retort, front and back, 
and they were provided with removable caps fastened by nuts and bolts. 
Then, instead of heating the retort from one end, arrangements were made to 
heat it over its full length by putting it m a horizontal position. Atyl, instead 
of heating it by direct flame, m which case the portion m direct contact with 
the flame may be hotter than that in the upper part of the retort, the retort 
was placed inside a 'tunnel furnace' made of fire-bricks. A space of about 1' 
was left all round the retort between the tunnel furnace and the retort-wall 
for iHoper cumilation of hot air from below and equal heating all over. At 
about 8' firom the further end of the retort a steel pipe was welded at the 
side of the retort for the extraotion of volatile matter generated inside the 
retort. The heatmg was done by a burner made of 1* galvanised pipe bored 
at every half-inch When kindled, each hole became a burner and we had 
altogether about 60 burners. This bummr pipe was so plaoed that our retort 
may be at a distance di 2' fiom the tips of the flamet. Hot air bom. the 
flame mronlated all round the retort and escaped throu^ the chimney above, 
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which was 4' high. The advantages of this horizontal retort were found to 
be the following — 

1 Better and more uniform distribution of heat throughout the coal 

mass This advantage was never obtained in vertical retorts 

2 Prevention of cracking, to a great extent, of the primary products 

of distillation 

3 Elinunation of the difficulty regarding the extraction of coke 

expenenood in the previous furnace where, in order to extract 
the coke, the heavy retort had to be taken out every time But 
in the present case coke could be extracted by pushing it out, 
without removing the retort from the furnace 

6 to 10 lbs of coal was crushed in a jaw crusher and placed in the furnace 
by un -screwing the cap of the flange at the back The size of particles was 
and below The flange caps at lioth ends were tightly fixed with bolts and 
nuts and asbestos packing The furnace was then connected with receivers 
(see figure) to collect gas, ammonia and other substances and after this was 
done the burners were lighted The temperature was maintained between 
620*’ and 550° Centigrade, and this was noted by two platinum-indium- 
pyrometers inserted through holes in the brick-work, at right angles to the 
retort The pyrometer tip just touched the retort 

When We had treated a few charges we found that the conduction of 
heat to the centre of the coal mass inside the retort from the periphery was not 
qmte what could be expected In some of the samples of coke we saw that 
although the distillation was continued for what we considered was the necessary 
length of time, the cokmg was not complete In some cases the expenment 
has been discontinued by us just when cokmg of the central portion had started, 
but not completed 

Coal IS a bad conductor of heat As soon as it is sufficiently heated, it 
becomes plastic along the periphery of the retort and being spongy and in 
continuation with a layer of semi-coke inside the retort, it becomes a still 
worse conductor Hence it becomes still more difficult for the heat to travel 
from the periphery to the core of the retort Speaking theoretically, the time 
‘ G ’ necessary for complete carbonisation of a layer of coal and the thickness ‘ T ’ 
of the coal layer are related to each other aocordmg to the following formula — 
C = K{T+K)* 

where ‘iC’ is a constant depending on the nature of the particular coal From 
Allison’s curves it can be easily understood by extrapolation that a bed of coal 
2 to 3 inches in thickness can be penetrated by heat withm 4 to 5 hours. In 
the retort used by us for our low temperature assay, the same thickness has 
been selected, and for complete cokmg, instead of 4 to 5 hours as suggested by 
Allison, we had to oontmue the heating for 5 to 6 hours, in each case, from the 
time of the first evolution of gas. The hot vapours of tar a nd gases, as they 
06 uiie out of the retort, passed through a senes of collec tin g bottles containing 
3 » 
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absorbers, as shown in the figure A 6 per cent solution of sulphuric acid was 
used in the first two bottles to ensure complete absorption of ammonia and 
separation of tar and heavy oil, whilst the third one which was a Wolf’s bottle 
contained parafiin oil or creosote to absorb the lighter fractions which may 
escape condensation in the first two bottles All these bottles were cooled 
by dipping them in water Next came a scrubber fitted upright on a small 
aspirator bottle The scrubber was piovided with an outer sheath of Liebig’s 
condenser packed with coke, over which was a sprayer spraying water all the 
time The water scrubbed out all the escaping gases and collected them in the 
aspirator bottle underneath The light oil floats on the water The excess of 
water runs out constantly through the syphon bend at the side of the aspirator 
bottle The washed gases jiass through the gasometer and collect in the 
gas-holder After the distillation is over the contents of the first two bottles 
contaming ammonium suljihate and tar wore separated by means of a separating 
funnel The total liquid is made uji to a standard volume and the total 
ammonia is determined by absorption The total tar oil separated from the 
hquor was treated with 6 per cent caustic soda to separate the phenolic con- 
stituents From a determination of the volume of the total tar after treatment 
with alkah, the percentage of phenols present in the original crude tar (sp 
gr 1 06) IS known The neutral tar was then washed three times in water and 
distilled to obtain the various fractions 

As it IS impossible to separate the tar completely from water, and as the 
moist tar begins to froth as soon as it is heated, a good deal of inconvenience 
was oxjieiienced in the beginning to distil the tar Wo, however, got over 
this difficulty by adoptmg the principle of ‘drop distillation’, i c pouring the 
tar fiom a separating funnel drop by drop on the bottom of the distillation 
flask which already contained a little hot tar and a few pieces of pumice stone, 
also hot As each drop of moist tar came in contact with the hot tarry surface 
of the pumice, it distilled almost immediately without any considerable increase 
in volume Frothing was practically eliminated in this way If this experi- 
ment IS carefully mampulated, this distillation process more or less becomes a 
type of steam distillation In this steam distillation at a low temperature, the 
lighter fractions of the neutral oils come out with water, leavmg rosinoids and 
heavy hydrocarbons behind The temperature was then increased up to 360° 
Centigrade to obtain further fractions At thu temperature only liquid pitch 
remains behind at the bottom of the flask This is now poured out, cooled 
and weighed The oils absorbed in their oil seals and those collected in the 
scrubber were distilled separately and the hgbtest fractions, boiling at os low a 
temperature as 60° Centigrade, were recorded and measured Analysis of the 
gas coming out of each specimen of coal was carried out by means of Prof. 
Junker’s gas calorimeter This forms one of the most essential parts of our 
experiment and its usefulness will be well understood by fuel teohnologistB. 

It will be seen from our experimental results that the data about tar, oil 
and gas ooUeoted out of each sample of our coal had been also a cheek as to 
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whether it was earned out under low temperature conditions or not. It is 
well known that the gas obtained from one ton of coal by the low temperature 
method is about 6,000 o ft while from the same coal by high temperature 
process we may get even 11,060 c ft The calorific value of the high tempera- 
ture carbonisation gas is only about 600 B T U. whereas for the low temperature 
distillation gas a calonfic value of even 800 B T U is quite common Hydrogen 
and hydrocarbons are predominant constituents of the high temperature gas 
but the low temperature gas is rich in saturated hydrocarbons All these 
have been very well borne out by the results of our experiments noted below 

I iMt of coals dtsttUed 

(1) New Bansdeopur CoUiery No 12 seam, mcline No 15 

(2) „ „ „ „ 11 14 

(3) „ ,, „ „ 10 „ bottom of No 3 pit 

(4) Godhur Colliery No 10 seam, No 1 pit 

(6) „ ,, „ 0 „ from near the Jore lOA incline 

(6) Sendra Bansjora CoUiery No 10 Coal seam 

(7) „ „ „ „ „ „ 

(8) ,, ,, „ „ „ „ „ (slack coal) 

(9) M » » ,, ( ,. ., ) 

(10) Matigora Colliery— combined V, VI, VII seams (lOO ft seam) 

(11) ,, „ No Xseam 

(12) ,, ,, Mixture 70% of 100 ft seam and 30% of No 10 seam 

II Results of DistiUatxon test 
(1) 

Amount of coal distilled 
Temperature of the furnace 
Products’ — 

Coke (highly swelling hard coke), 6 lbs 
*Tar oil (moist), 141*5 c o. 

Amm Sulphate 
Gas, 12 0 ft 

Analysis of Oas 

CO 2 . .. . 2*41% 

0* M2% 

Unsaturated . 3 6% 

CO 11 23% . 

CH* . .. . 47*66% 

Hs .. .. .. 27 90% 

N* .. .. .. 6*19% 

Average oalonflo value of the gas is equal to 760 BTU 


7 lbs 
626°C 

1 uz @ 17 32 owts per ton 
@ 10*06 gals. „ „ 

@ 6 62 lbs „ „ 

. @ 3,840 c ft „ „ 


* ICMBored onder moist oondition. 
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(2) 


Amount of coal distilled 

8 lbs. 

Temperature of the fiirnace 

620“C 

Products* — 

Coke (moderately swelling coke), 7 lbs 0 6 oz 

@ 18 28cwts per ton 

Tar oil (moist), 140 o o 

@87 gals „ „ 

Amm Sulphate 

@ 7 02 lbs .. 

Gas, 16 0 ft 

@ 4,230 0 ft „ „ 

AncUytns of Chu 

COa 

2-93% 

Oa 

0 - 86 % 

Unsaturated 

3 17% 

CO 

12 66 % 

CH 4 

46 96% 

Ha 

28 32% 

Na 

6 22 % 

Average oalonflc value of the gas is equal to 760 B T U 

(3) 

Amount of coal distilled 

8 lbs. 

Temperature of the furnace 

636“ to 640“C. 

Products* — 

Coke, 7 lbs 2 ozs 

@ 17*8 cwts. per ton. 

Tar oil (moist), 144 c c 

@79 gals „ „ 

Amm Sulphate 

@ 11 lbs „ 

Gas, 119 c ft. 

@ 3,332 0 ft „ „ 

Analysts of Qas 

COa 

3 23% 

Oa 

0 41% 

Unsaturated 

0 64% 

CO 

17-88% 

CH 4 

46 77% 

Ha 

22-77% 

Na 

8*4% 

Average oalorifio value of the gas is equal 

to 760 B T U 

(4) 

Amount of coal distilled 

8 lbs 

Temperature of the furnace 

816“ to 620“C. 

Products: — 

Coke, 7 lbs. 0*6 os 

@ 17*68 cwts per ton 

Tar oil (moist), 140 0 0 . 

@ 8-71 gals „ „ 

Amm. Sulphate 

@ 8-41 lbs „ „ 

Gas, 13*66 oft... 

@ 3,794 0 . ft. „ „ 
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Analysis of Qas 

COa 

3 12% 

O 2 

0 96% 

Unsatiirated 

2 67% 

CO 

ll-660/o 

CH4 

47*68% 

Ha 

26*26% 

Nz 

8 87% 

Average calorific value of the gas is 

equal to 760 B T U 

( 6 ) 

Amount of coal distilled 

10 lbs 

Temperature of the fuinac'e 

OlO^C 

Products — 

Coke, 8 lbs 115 ozs 

@ 17 44 cwts per ton 

Tar oil (moist), 100 c t 

@ 7 969 gals ,, ,, 

Amm Sulphate 

@ 23 95 lbs „ „ 

Gas, 22 c ft 

@ 4,928 0 ft ,, ,, 


Analysu of Gas 

CO 2 

2 68 % 

Og 

1 23% 

Unsaturated 

3*22% 

CO 

10 98% 

CH4 

47*37% 

Ha 

. 26*32% 

Ng 

* 8 3% 

Average oalonflo value of the gas is equal to 760 B T U 

(6) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

660“ to 676“C 

Products — 

Coke, 8 lbs 860 Z 8 

@ 17 cwts per ton 

Tar oil, 160 0 0 

@76 gals „ „ 

Gas 

4,600 c. ft „ „ 

Calonflo value 

770 BT.tr (I). 


744*7 „ (H). 
722*8 „ (IH) 
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Anali/9M of Qw 


COa 

. 2-83% 

Og 

0 809% 

Unsaturatefl 

2 97% 

CO 

7*16% 

CH4 

42 0% 

Ha 

36 98% 

Na 

7 26% 

Ammonium Sulphate 

14 lbs per ton 

( 7 ) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

660“ to 676“C 

Products — 

Coke, 8 lbs 8 ozs 

@17 owts per ton 

Tar oil, 160 c c 

@76 gals ,, „ 

Gas 

4,600 c ft „ „ 

Calorific value 

747 3 BTU (I) 

726 1 „ (II) 

730 3 „ (III) 


Analysts of Gas 


COa 

4*724% 

Oa 

0-63% 

Unsaturated 

3-62% 

CO 

7*08% 

CH4 

46 81% 

Ha 

32-22% 

Na 

4-92% 

Ammonium Sulphate 

. 12 6 lbs 


( 8 ) 

Amount of coal distilled 
Temperature of the furnace 

Products* — 

Coke, 8 lbs 14 ozs 


10 lbs. 
61fi®C 


@ 17 owts 78*6 lbs per 
ton 

@ 8*40 gals, per ton 
@ 6*8 lbs „ „ 

@ 8,427 o it.,, „ 


Tar oil (moist), 170 o.o. 
Amm. Sulphate 
Qas, 15*3 0. ft. 
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Analyaia of Qas 


COi 

. 1-27% 

02 

.. 12 % 

Unsaturated 

2-62% 

CO 

9 3% 

CH^ 

48 2% 

Ha 

26 22 % 

Na 

11 3% 

Average calorific value of the gas is 

equal to 760 B T U 

(9) 

Amount of coal distilled 

10 lbs. 

Temperature of the furnace 

SSO^C 

Products — 

Coke, 8 lbs 12 ozs 

@17 6 cwts per ton 

Tar oil (moist), 188 c c 

@94 gals „ ,, 

Amm Sulphate 

10 6 lbs „ „ 

Qas, 17 3 0 ft 

@ 3876 2c It „ „ 

Analysts of Oas 

CO* 

. 2 3% 

0 * 

0 406% 

Unsatiirated 

2 17% 

CO 

. 14 49% 

CH 4 

. 48-67% 

H* 

20 46% 

N* 

11 6 % 

Approximate oaloriho value of the gas 

IS eqiml to 760 BTU 

( 10 ) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

626°C 

Products — 

Coke, 8 lbs 8 ozs 

@ 17-6 cwts per ton 

Tar oil (moist), 143 0 0 

@ 7-12 gals „ „ 

Amm Sulphate 

@ 6-9 lbs „ „ 

Qas, 16*6 0 ft 

.. @ 3,696 0 ft ,. „ 

Analysts of Oas 

CO* 

.. 38% 

0 * 

.. 09% 

Unsaturated 

. 3-6% 

00 

.. 7-2% 

CH4 

.. 46-4% 

H* 

.. 27-9% 

N* - 

.. 11-3% 

Approximate oalonfio value of the gas 

is equal to 780 B.T U. 
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( 11 ) 

Amount of ooal distilled 
Temperature of the furnace 
Protluotfl • — 

Coke, 8 0 lbs 9 ozs 
Tar oil (moist), 176 c c 
Amm Sulphate 
Gas, 26 7 c ft. 


10 lbs 
626°C 


@ 17 26 cw'ts per ton 
^ 8 71 gals ,, „ 

@ 8 2 lbs „ „ 

@ 6,980 c ft „ „ 


Analytis of Gas 


('Oo 

O2 

Unsaturated 

CO 

CH4 

Ha 

Na 


4 24% 

0 16% 

2 9% 

9 4% 

44 4% 
26 83% 
12 08 


Approximate calorific value of the gas is equal to 760 B T U 


( 12 ) 

Amount of coal distilled 
Temperature of the furnace 
Products — 

Coke, 7 llw. 1 oz 
Tar oil (moist), 120 c c 
Amm. Sulphate 
Gas, 12*9 c. ft. 


8 lbs. 
61 6T 


17 6 cwts per ton 
7 47 gals ,, ,, 

6 7 lbs „ „ 

@ 3,612 c ft „ „ 


Analysis of Gas. 


COa 

Oa 

Unsaturated 

CO 

CH* 

Ha 

Na 


6 69% 
0 00 % 
3 4% 

7 36% 
46-7% 
27-4% 
9-56% 


Approximate calorific value of the gas is equal to 760 B T.U. 
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in Tar oxlfradxona (t e Fuel oil, etc ) — 

Sample No (1) 

Up to 100°C ♦ 

11 3ec 

@08 gal por ton 

KK)'’ to 136°C 

12 c c 

@ 0-86 „ „ „ 

135^0 ir>o°c 

84cc 

@ 0 69 

160° to 210°C 

10 1 ec 

@ 0 72 

210° to 36()°C 

66 CO 

@ 3 98 „ „ „ 

Phenols 

19 0 0 

@ 10 36 „ „ „ 

Pitch 

18 gms 

@ 12 8 lbs „ „ 

Oil absorbed in paraffin oil-seal 

6 2 c u 

@ 0 44 gal „ ,, 

Sample No (2) 

Up to 100°C 

10 4 c c 

@ 0 65 gal per ton 

100° to 136°C 

13 4cc 

@ 0 83 

136° to 150°C 

10 2 0 0 

@ 0 63 

160° to 210°C 

16 8cc 

@ 0 98 

210° to 360°C 

68 0 c 0 

@3-6 „ „ „ 

Phenols 

16 0 0 

@ 0 93 

Pitch 

18 gms 

@112 lbs „ 

Oil absorbed in paraffin oil-seal 

0 6 0 0 

@04gal „ „ 

Sample No (3) 

Up to 100°C 

8 6 c e 

@ 0 636 gal per ton 

100° to 136°C 

4800 

@03 „ 

136° to 160°C 

4 4 0 c 

@ 0 274 

160° to 210°C 

124 00 

@ 0 772 

210° to 360°C 

48 6 c c 

@ 3018 

Phenols 

6 0 0 c 

@ 0311 

Pitch 

. 13 0 gms 

@ 8 46 lbs „ ,, 

Oil absorbed in paraffin oil-seal 

4 0 0 c 

@ 0 26 gal „ „ 

Sample No (4) 

Up to 100°C. 

13 c c 

@ 0 809 gal per ton 

100° to 136°C 

4*4 c 0 

@ 0 2738 ,, ,, ,, 

136° to 160°C 

4 6 0 c 

@ 0-286 

160° to 210°C 

20 9co 

@ 1 301 

210° to 360°C 

64 8 0 0 

@ 4-032 

Phenols 

12 0 0 0 

@ 0 7469 „ „ „ 

Pitch 

18 0 gms 

@112 lbs „ 

Oil absorbed in paraffin oil-seal 

6*3 0.0 

@ 0 392 gals. „ „ 


* For propartiM, mo end of thu p^ier 
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Sample No (6) 

Up to 100°C 

14 6 0 0 

@ 0 7218 gal 

per ton 

100° to 136°C 

8 8 c e 

@ 0 438 „ 


136° to 160°C 

160 cc 

@ 0 747 „ 


160° to 210°C 

21 6 c c 

@ 1 0702 „ 

,, ,, 

210° to 360°C 

62 0 c c 

@ 3 0862 „ 

1 J ,, 

Phenols 

7 0 c c 

0 3488 „ 


Pitch 

23 5 gttis 

11 7 lbs 


Oil absorbed m paraffin oil-seal 

10 c c 

(ft), 0 5 gal 



Otstillaiion of the tar — 

Sample No (6) 

150 ( t Tar ml (irc^ated with 6% NaOH) 

I 

Neutral ml Phenols 10 c e 

distilled 


Jp to*i30°C ISO^-iso^C 160°jl0°C 210^-35()"C Rosidiuil Pitch, 

7oo 12 5co 6co 36 co 41 gms 

Light oils dissolved in paraffin oil bottle distilloil 


Up to OPT. 90”-130°C I30°~160°C 

0*6 CO 26cc 2*3 cc 


Sample No (7) 

160 c 0 Tar oil (treated with 6% NaOH) 


Neutral oil distilled. Phenols, 10 o o 


I i 'I' 'I' 

Up to 130° 130°-160°C 160°-210°0 210°-350°C Residual Pitch, 

8cc 12 00 8co 37 0 0 . 40 gms 

Light oils dissolved m paraffin oil bottle distilled 

r I i 

Up to 90°C 90°-130°C 130M60°C 

0*6 0 . 0 . 2*6 0 0 0 7 o.o. 
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Tar o%l fraettons — 


Sample No (8) 


Up to I00°C 

136cc 

@ 3 024 litres per ton 

100“ to 130“C 

10 6 e 0 

Ca) 3 696 

♦130** to 150X' 

11 2oc 

2 609 „ „ 

160“ to 210‘’C 

13 7 c 0 

@ 3-0692 

210“ to 350“C 

73 0 c f 

@ 16 352 

Phenols 

. 16 0 0 c 

@ 3 36 ,, ,, ,, 

Pitch 

36 gim 

@ 17 9 lbs „ „ 


Sample No (9) 


Up to 100“C 

21 6 c 0 

@ 1 076 gals per 

ton 

100“ to 136“C 

38cc 

(^019 „ 

,, 

136“ to 166“C 

33co 

@ 0 164 


166“ to 210“C 

12 8 0 c- 

0 637 „ „ 


210“ to 360“C 

62 c c 

@ 3 086 „ „ 


Phenols 

14 c c 

@ 0-7 „ „ 


Pitch 

39 gms 

@ 19-4 lbs „ 


Oil absorbed m paraffin oil-seal 

8 c 0 

@ 0 398 gal „ 



Sample No (10) 


Moist tar oil 


@ 7 12 gals per 

ton 

Up to 90“C 

6 7 c c 

@18 litres ,, 


90“ to 130“C 

8 c c 

@ 1-792 „ 


130“ to 160“C 

21 oc 

@ 4 704 „ „ 


160“ to 210“C 

4 2 0 t 

@ 0 9408 „ „ 


210° to 360“C 

42 7cc 

@ 9 666 „ 


Phenols 

9 9 c c 

@2 218 .. 


Pitch 

42 2 gms 

@ 12 224 lbs. .. 


Sample No (11) 

Moist tar oil 

. 176 c e 

@ 8 71 gals per 

ton 

Up to 90“C 

6 2 0 c 

@ 1 166 litres „ 


90“ to 136“C 

11 2 0 c 

@ 2 61 „ „ 


136“ to 160“C 

20 0 c 

@ 4-48 


160“ to 210“C 

. . 10 2 c c 

@2-28& „ .. 


210“ to 360“C 

. 95 c.c 

@ 21-28 

If 

Phenols 

. Hoc 

@ 2 464 „ „ 


Pitch 

19 gms 

@ 9-46 lbs „ 

>> 


* Thu iaoludea 8 0.0. of a fhkotion which haa been diaaolved in the paraffin oil-ieaL 



S K BOY & S S OHOSH rUBL OIL FBOM INrBBIOB JHABIA COALS 377 


Sample No (12) 


Up to 90°C 


9 0 c c 

@ 2 52 litres 

pel 

ton 

90” to 135°C 


10 c c 

@ 28 



136” to 160°C 


14 2 0 0 

@ 3 97 „ 



160° to 210”r 


6 2 0 c 

@ 1 46 „ 



210° to 360°C 


63 0 c c 

@ 14 84 „ 



Phenols 


8 0 c c 

@ 2 24 „ 



Pitch 


21 gms 

@ 13 1 lbs 


.1 

Average for Noa 

6 and 7 Tar oil fracltona — 




Up to 90°C 
90°-130°C 

0 1 12 litre 

2 352 litres 

^ Motor spirit, fier ton of coal 



130°-160°C 

150°-210°C 

2 86 litres ' 
1 8 litres . 

Light oil, kerosene, per ton of coal 



210°-360°C 

8 2 litres 

Fuel oil 

>> 11 




Phenols 2 25 litres (Carbolic acid and Creosote oil), jier ton of coal 

Residual Pitch 19 7 lbs per ton of coal 

Difficulty 18 usually oxpenenood in the carbonisation treatment of low 
grade coals eithei by low or high temperature methods These difficulties 
are due either to the high jiercontage of ash in these coals, or low bindmg 
liower of its particles, or in some cases duo to the presence of a considerable 
amount of binding matonal in the coal In the low temperature method if 
the coal does not possess sufficient binding property, the defect is rather of 
a serious nature because in that case the coke becomes very friable But the 
presenoe of a very large quantity of binding material is also somotimos rather 
inconvenient, especially when it is combined with a high swelling mdex of the 
coal Sometimes in such oases distillation becomes impossible The reason 
IS, as has been explained before, that after the distillation has started the 
layer of coal immediately next to the hot walls of the retort molts and becomes 
frothy, this combinmg with the still unchanged coal lying next to it forms 
a soUd non-conduotive layer surrounded by a layer of coke from which most 
of the volatile matter has been expelled Conduction of heat m the mterior 
of the retort from such a spongy mass becomes slow and before the above- 
mentioned solid layer of coal, formed by the mixture of plastic coal and 
undecomposed coal, becomes hot enough to melt, and again becomes frothy 
with the evolution of gas, a considerable amount of time is spent The plastic 
mass, together with particles of coal still lymg undeoomposed above it, is 
pushed all about the inside of the retort by the pressure of the escaping gases, 
whose pressure mcieases gradually due not only to the evolution of gases but 
also, usually, due to the chokmg of the outlet pipe by the plasfao ooal-ooke 
Although we had started our experiments with a retort only half*fiUed with 
coal, m the course of time the whole of the interior of the retort becomes 
filled up with coke and coal When we extracted the coke of such coals we 
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found th«vt the coke was quite hjird round the periphery while it was lighter 
and spongy towarfls the core This is duo to the greater pressure to which 
the coal in the penphery was subjected by the evolving gases In the case of 
such coals, the distillation period becomes very much protracted and due to 
occasional choking of the outlet near about the end of the experiment, the 
volatile matter comes out slowly ami sjiasmoilically Therefore, in case of 
such coals, wo wore compelled to carry out our oxiiorimonts with a smaller 
quantity than usual That is the reason why in the tables on pp 368-373 it 
will bo found that some experiments had boon earned out with 10 lbs of coal 
and others with a smaller quantity, our ‘optimum quantity ’ in the retort The 
figures are inversely proportional to the degree of plasticity and swelling index 
of the samples For instance, wo first tried to distil 10 lbs of oui sample 
No 11 But scarcely had the distillation been continued for an hour, the 
gases and volatile matter started leaking profusely through the various joints 
of the retort while there was practically no flow of volatile matter through the 
absorbent system When this was the ease, the distillation was discontinued 
and wo liad to find out a way to get over the difficulty 

When the retort containmg the products of our experiment was opened 
by lomoving the flanges, the whole of its inside was found to bo filled up with a 
frothing, swelled, mass of jiartially distilled coal Wo were, therefore, obhgod 
to find out the optimum charge of each ot our samples by trial Thus it may 
bo understood that we have earned out oui exponmonts with optimum charges 
for our retort (see table on p 380) In ordei to determine the practicable 
quantity of each typo of coal to be placed in the retort (so that satisfactoiy 
results may bo obtained) we earned out the following simple experiments by 
means of which the amount of the optimum charge could be found out. 

This IS a modification of the method used by the research staff of the 
Woodalt Duckham Co {Oaa Journal — ^“Coke Number’ — ^November 9th, 1026, 
jiage 16) But at Woodalt Duckham Co ’s laboratory the coal was tested by 
means of a button which was treated m an ordinary silicate crucible at 
90()°C In our ease, however, we did not find this heating, right up 
to 900®C , qiute satisfactory It gives sometimes misleaduig information 
regarding the swelling property of some of our samples, the reason being that 
oertam coals swell at low temperature and do not look swelled so much 
at 900“C This is duo to the fact that at a certain stage between its 
swelling pomts at about 600°-600°C , the coke collapses and at the higher 
temperature of flOO^C we find it showmg a much lower volume than at a lower 
temperature 

Sometimes also a ooke which may bo swelling at 900°C may bo quite 
non-swelling at 660°C For this purpose some prehminary experiments had 
to be earned out to avoid any serious breakdown in the middle of the experi- 
ment This preliminary experiment consists of the following * — 

About one gram of the finely powdered ooal was made mto a loose tablet 
by means of a small screw compressor and this was placed m a small covered 
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Bihoa oruoible. Tho crucible was then placed into a muffle furnace whose 
temperature was maintained at 660° to 600°C A reducing atmosphere was 
maintained round tho crucible by putting a few pieces of wood charcoal within 
the muffle Violent evolution of gas takes place within a minute or two and 
the gas sots itself afire A flame is formed round tho lid of the crumble 
This 18 watched through a hole in tho door of the muffle The time of tho 
evolution of the gas and disapjiearance of the flame is noted and even after 
the flame has diotl out the crucible is allowed to remain inside the muffle for a few 
nunutos It is then taken out and tho coke button m the ci ucible is examined 
for swelhng properties As stateil above, this simple experiment has helped 
us a good deal to determine tho appioximate amount of the coal to lx* charged 
in our retort lor each oxiioriment 

Tho same experiment was also made to determine the most suitable blend 
of our samples Nos 10 and 11, for tho low temperature carbonisation test 
Both of these are coking coals but their coke buttons behave very differently 
under different conditions For instance, the coke button of sample No 10 
at 900°C shows very little swelling while that of sample No 11 was found to 
bo of a very highly swelling nature Both of them formed coke No 11 again 
not only becomes a very highly swelling coke during low temperature tests but 
It becomes very plastic during the experiment In this plastic state it chokes 
the outlet and chocks tho evolution of volatile matter Tho plastic coal forms 
a spongy mass which on the surface has a frothy appearance As explained 
above in certain cases the frothy moss forms a non-conducting layer round 
the still unaffected coal powder in the crucible and develops a rather hetero- 
geneous texture of the coke of the low temperature carbonisation process 
No 11 possesses almost double the plasticity and swelhng power of sample 
No 10. For all these reasons sample No 11 alone is not very suitable for low 
temperature cokmg It can be used for high temperature practice, where the 
swelling of coke is not of much consequence and where a large quantity of gas is 
welcome. Sample No 10 does not show the plasticity and swellmg of No 11 
and the coke is hard and compact with little or no sponginess But blending 
of samples 10 and 11 reduces tho excessive swelhng tendency of the mixture 
durmg distillation A 60% imxture behaves almost exactly as pure sample 
No 11, and ultimately it was foimd that the best coke can be made out of these 
two coals by a mixture containing 30% of sample No 11 and 70% of sample 
No 10 Such a blend showed very little sign of plasticity and swelling, 
and the distillation period was much loss protracted than that of sampl e 
No 11 The yield of volatiles was also more than that for pure No 10. ^e 
coke was fairly hard, compact and of uniform structure. 

In the followmg table we have given a tabulated list of our samples showing 
the nature of their low and high temperature coke buttons, the nature of 
their cokes and the optimum distillation charge of each one of them for our 
own retort 
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Number of the 
uual sample 

Nature of the 
low temperature 
ooko button 

Nature of the 
high temperature 
coke button 

Optimum 

distillation 

charge 

Nature of the 
low temperature 
ooko obtained 
after assay 

1 

Normally caked 

Shghtly less 

Tibs 

Fairly bard com- 


faurly swelling 

caking and 


pact structure 


swelling than 


on the surface 



the low tom- 


with spongy in- 



peratiire but 
ton 


temal structure 

2 

Cake «1 and 

Very little swell 

8 lbs 

Fairly hard and 


slightly swell- 
ing 

mg and com- 
pact coke 
button 


compcuit coke 
with slight 



spongy mtemal 
structure 




Caked a ii d 

SweUing more 

8 lbs 

Fairly hard and 


slightly swell 

appreciable 


compact coke 


ing 

than in the case 


with shght 


of low tempera 


spongy mtemal 



ture coke 

button 


structure 

4 

Do 

No appreciable 

10 lbs 

Robust and com 

T) 

No appreciahle 

Bwelbng 

Very slightly 

10 lbs 

pact coke 

Hard, robust and 


swelling 

caking and 

swelling 

Slightly t«king 


compact coke 

« 

Do 

10 lbs 

Hard and com 



and swelling 


pact coke with 
graphite surface 

7 

Do 

Do 

10 lbs 

Do 

8 

Very slight 

Non caking. 

10 lbs 

Do 


swelling and 
caking 

mass apparent 
ly shnnks m 




size shghtly 


Do 

1» 

Do 

Do 

10 lbs 

10 

Very shght 

Very slight 

10 lbs 

Hard and robust 


swelling and 
non caking 

Hwolhng and 
caking 


coke 

11 

Very highly 

Norma^y swell 

5 lbs 

Swelled coke with 


swelling and 
coking 

mg and caking 


frothy surface 
appearanoo and 




s^ngy internal 
structure 


12 

Slightly swelling 

Do 

Bibs 

Slightly swelled 


and caking 



cokes fmriy 

hard witti very 





uniform mtemal 
struoture 


PropeHtea of the DtattUaies 

We hope it may not bo out of place if for ready reference we add at 
this place some of the most important uses of the tar oil fractions as obtamed 
from the coals treated by us 

Distillation temperature up to 100®C. {Neutral Itght o%l) — ^This fraction has 
all the properties of petroleum ether and solvent naphtha and mixed with the 
next fraction can be used as motor spirit. 

Distillation temperature up to 136*C. {NeutnU hght oU) — This is equivalent 
to petrol or motor spirit as is obtained m the petroleum refineries. 
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Distillation temperature up to 160“C {Ne/uiral ml) — ^This is eqmvalent to 
the hghtest kerosene known as white kerosene obtamed m the petroleum 
refineries 

Distillation temperature up to 210"C (Neutral ml) — ^This is eqmvalent to 
heavy kerosene known as yellow kerosene obtamed in the petroleum refineries 
Neutral heavy ml — ^This fraction distilling between 210°-360°C has been 
ooiiHidered as a whole The specific gravity of this fraction is 0 96 and fiash 
point as determined by us is 17I°C The last portion of this fraction, distilhng 
between 300° to 350°C , possesses a greasy consistency. With a smtable 
blending material this can be converted mto vasehne and lubnoatmg greases 
Separated from the greasy matter, the heavy neutral oil becomes loss viscous 
and as such can bo smtably employed as fuel for the Diesel engmes, or after 
crackuig can bo changed into motor spmt, lubricating ods, fuel or Diesel oils 
Hydrogen, hydrocarbons and carbon black can also be manufactured out of it 
Phenol — ^This is the dark red Uqmd having a specific gravity 1 06 to 
1*1 and possessing a strong creosotic smell obtamed after the separation of the 
heavy oils It can be employed as a disinfectant or for oreosotmg timber, or 
it can be directly employed for Bakehte mdustry where such mixed phenols 
are necessary. 

Pttch — ^The last residue of our distillation is pitch The uses of coal 
tar pitch aie many and are constantly mcreasmg 

The gas obtained from our low temperature carbonisation experiment 
has a very high cslonfic value It can be economically employed for finng 
boilers for the generation of eloctnc power As the problem of stonng of such 
large quantities of gas has not yet been solved, it seems qmte reasonable that 
its combustion in the boilers is so far the most profitable way of utihsmg 
the gas The gas can also be utilised m gas engmes Nowadays even motor 
cars are running by such gas The start which the Government of Bihar 
has given m this direction needs special mention For the success of their 
newly conceived electrification scheme, they propose to generate power 
by firmg their boilers with this ‘waste’ gas They have recently installed 
an experimental low temperature coking plant at the Science College, Patna, 
for conduotmg systematic researches with various samples of low grade Bihar 
coal The junior author, Mr. S S. Ghosh, M.So., is the chemist m charge 
of this plant. The mam purpose behmd this experimental plant is to make 
good smokeless domestic ooke out of poor grade coals and recover the valuable 
by 'products such as tar, ammomum sulphate and gases How far the gas 
can be utilised to generate power will also be mvestigated. 

We are grateful to Dr. C S Fox, Director, Geologioal Survey of India, 
for his very kindly reading through the manuscript of Uus paper emd mftlriTi g 
many usefed suggestions. 

Our thanks are due to Prof. B. C. Boy, M.So. (Leeds), of the University 
College of Smenoe and Technology, Calcutta, for ofiGering facilities for conducting 
6 
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these reaearohes m his laboratory and also for many useful suggestions. 
Thanks are also due to Prof S K Bose, Indian School of Mines, Dhanbad, 
who rendered some financial assistance to prosecute the work and to Mr S K P 
Sinha, B So (Glasgow), Special Officer in charge lUeotnfication, Bihar, for 
his keen interest throughout the research work 
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BRIQUETTING OF COAL IN INDIA 

By C. Foeeestee* AHWC,FlC,PhD,FR8E, 

Fdlou) of the Institute of Fuel. 

This IS a subject that, like that of the cleanmg of ooal, has not had given to 
it the attention, by practical men, that it appears to deserve Enormous 
quantities of Indian coals that are for one reason or another classed as ‘waste* 
or ‘low grade’ are not satisfactorily disposed of, and the history of the ooal- 
mimng mdustry furnishes innumerable instances of such waste or poor<8elluig 
material being (usually temporarily) a drug on the market and {uesenting a 
senous problem to the mdustry Fluctuations in the requirements of the 
various grades and sizes of coals, as regards both quality and quantity, alter 
the aspects of the associated problems, but it will probably be admitted that 
the disposal of slack ooal, even though it is not at present a specially urgent 
problem, has been a cause of great concern to the mdustry m the past and 
may be so agam m the future. 

So far as utilisation of slack ooal is concerned the development of chain 
grates and automatic stokers as well as of pulverised ooal has, of course, 
mitigated this evil There are times, m fact, when the smaller sizes of coal 
fetch a higher pnoe than the larger. But there are coals m India that are so 
extremely finable that even locally their utilisation is not yet satisfisotonly 
dealt with. Particular reference might be made to the coals of Assam and the 
Punjab These latter cannot be satisfactorily used on travelling grates, or 
at least not so satisfactorily as coals of better coking quahty Their conversion 
mto briquettes would appear to be one possible solution to an undoubted 
problem 

But the bnquetting of coals is a method of treatment that need not be 
confined to those finable deposits, and the possibihties of bnquettmg slack 
coal of the Raniganj and Barakar Senes and of other Qondwana coals may 
yet become an important subsidiary mdustry. 

What are the mam problems I They are : (a) selection of a bmder and 
its cost, (6) selection of a process or of a type of briquette (the word is used 
m its most general sense). 

Now the earliest type of binder used is the one that is still the most 
successful and the most favoured, namely pitch. There are many different 
types of pitch, eg. coal-tar pitch, petroleum pitch, etc. The latter is the 

for consolidating small c^ into a coherent form, as a smaller percentage 
is required than when coal-tar pitch is used, and coal-tar pitch does not give 
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such a good ‘finish’ to tho product. But coal-tar pitch is much cheaper than 
petroleum pitch In Britain the former costs about 30« per ton (at present, 
1939, on account of largo surplus stocks, the price is as low as 21« per ton) 
Petroleum pitch costs, in Britain, as much as 70s per ton One firm manu- 
facturing small (ovoid) briquettes uses as little as 4J per cent of petroleum pitch 
as against 7 per cent of coal-tar pitch The total briquetting costs in the 
USA amount to about one dollar per ton , |1 06 is given as a recent 
average, which is equivalent to Rs 3 approximately, the pitch accounting for 
Rs 2-2.0 

The corresponding prices for India are not at present available Unfor- 
tunately, therefore, it is not possible to offer reliable comparative figures for 
the process But a year or two ago pitch was selhng at about Es 36 per ton, 
and more recently the price has been as high as Rs 68-8-0 Taking the lower 
figure and allowing for, say, 6 per cent of pitch for bmdmg the small coal into 
coherent form wo see that about 6 per cent (t e approximately one-twentioth) 
of Rs 36 has to be added to the price of coal per ton to obtain the price of 
tho briquette, without taking into consideration the cost of the process An 
addition of approximately Rs 2 per ton for binder alone is thus movitable 
under present conditions 

What 18 the alternative 1 Theoretically there are several One obvious 
one 18 to substitute, for coal-tar pitch, a cheaper bmder Many have been 
tried, and such substances as rice husks, bisulphite waste liquor from the 
paper-making industry, molasses, waste jute products, etc are obvious sug- 
gestions But nearly all those substitutes have been found to give briquettes 
that do not stand tho severe tests of a tropical climate Tho soft coke industry 
and perhaps the low temperature carbonisation industry, if it is ever estab- 
lished in this country, wiU probably offer a part solution to this problem by 
providing a cheaper pitch The author favours the development of the soft 
coke mdustry along lines that would mvolve no very great departure from 
present methods other than to attempt to recover a substantial proportion of 
the tar Even at the nsk of adding to the present alleged surplus of coal tar 
it might bo worth while rendering available larger quantities of tar to provide 
the necessary pitch. Whether the plastics mdustry will provide an outlet for 
the other distillation products and thus solve the parallel problem of their 
disposal only time can tell 

The obvious solution at present is to avoid the use of a binder entirely, 
» e to try to make briquettes without a bmder and thus avoid adding this 
source of direct expense TUI reoent years attempts to bnquette coal without 
a binder have not met with much success. Six years ago the author personally 
investigated the claims of one promising process, but a short tune after his 
return to India it was learned that the process had not been a commeroial 
success. later information (obtained privately a few months ago) is to the 
effect that methods for oonsolidatmg coals without a binder are now 
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economically sound The more interesting and important fact, so far as India 
IS concerned, is that certain Indian Qondwana coals are eminently smtable for 
the manufacture of bnquettes without the use of a binder 

The pressures used in this type of briquetting process vary within wide 
limits, as much as 20 tons per square mch being necessary to consolidate 
anthracites and anthracitic coals, but coking coal slack has boon, and is being, 
successfuUy briquetted at as low a pressure as 1 6 to 2 tons per square inch 
But these lower pressures are generally found possible only by first heating the 
coal to the temperature of incipient fusion, e g about 460°C 

Agglutinating long-flame and other high-volatile coals reqmre a higher 
pressure, eg up to about 0 tons per square inch, accompanied by heating to the 
optimum temperature, usually a temperature ascertained within fairly nairow 
limits, from 400°C to 420“C 

The great advantage of ‘pure coal’ briquettes, as those non -binder forms 
of consolidated ‘smalls’ are sometimes called, is thou comparative smokoloss- 
ness Pitch used as bmder adds greatly to the smokiness of the product 
when burnt 

So far as costs go, the pitch processes would appear to bo more expensive 
than those emplo3nng high pressures and no binder Figures for manufacture 
of small briquettes (‘o voids *) in England vary from as little as 6» per ton, 
using no binder, to la 6d per ton, usmg pitch But these figures must be 
accepted with caution as every head of expenditure in India gives rise to 
totelly different costs Careful calculations made in very recent investigations 
show that the cost of makmg ovoids without the use of a binder would probably 
be approximately Rs 2-16-0 per ton (Private communication ) 

The other problem of selection of type of process is equally interesting 
The word ‘bnquette’ means, of course, small bnek and, by extension, brick- 
shaped article Ongmally bnquettes were manufactured by consohdating 
extremely low-grade slack and dust coal into bnek-shaped lumps and were 
used either on railways (as is a widespread practice m France and Belgium) 
or as a domestic fuel jSome of the bnquettes commonly used by railways on 
the Continent are two or three times the size of ordinary bneks and the name 
is no longer strictly appropriate These large bnek-shapod briquettes offer 
the advantage of economy of space m storage, on account of their permitting 
regular stacking 

At the other end of the scale we have the more recent development of 
the manufacture of extremely small lumps usually egg-shaped and known as 
‘ovoids* The present author strongly advocates the development in India 
of the manufacture (without the use of a binder, if possible) of ovoids for 
all purposes requiring a solid fuel whose combustion should be easily and, if 
necessary, scientifioally controlled And ovoids present the special attraction 
that they will probably always be more likely to be successfully manufactured 
without the use of a binder than can the orthodox briquette. 
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There would appear to be soope for the development of a pitoh-making 
mduatry in conjunction with the soft coke mdustry solely for the purpose of 
providmg a cheap pitch for bnquette-making and also for the manufacture of 
ovoids from small and dust coal without the use of a bmder Recent mvestiga* 
tions by experts have oonclusively proved that Barakar and Baniganj coals 
are defimtely smted for the processes. 
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By A N Mvkhbrjeb, Dr -Ing , B 8c , A I S M , By-product Plant, 
Chndth, E I By 

Introduction, 

Briquetting is the name given to an agglomeration of small ooal, coke 
breeze, charcoal dust or bog turf together with some binding material con- 
sisting chiefly of coal tar or pitch According to Menzel,i the oldest record 
states that the ball-shaped compressed coal originated in China Hugh 
Platt * described in 1603, in a pamphlet, a new compressed fuel manufactured 
m the year 1694 in the neighbourhood of Lflkeland in Germany, made of 
coal dust, saw dust and oak tan-bark, with cow dung as bmdmg material 
The first coal briquette factories were — 

In Prance, 1842, at Bernard, near St Etienne 
In England, 1846, at Neweaatle-on-Tyne 
In Germany, 1861, at Mflhlheim-on-the-Buhr 
In Europe, durmg the past 60 or 70 years, the bnquettmg industry has 
been developed and at present it has impressed its importance among the 
world’s mdustnes In the U S A , the expansion of the industry, with its 
increasing value in eoonomismg waste products, has been brought into notice 
very recently because the U S A has been so amply endowed with excellent 
mineral fuels that very httle attention was given before to the utilisation of 
ooal waste, screenings and other combustible matter m their manufacture 
mto briquettes 

Evidently, this mdustry is m its most advanced condition m countries 
possessing large areas of inferior qualities of coal or with broad looahties of 
peat bogs and where fuel is hlgh-pnoed. It has also been largely developed 
in the countries in which by-product coke oven plants are m use producmg 
coal tar which can be used in its crude form or distilled to pitch, thus con- 
tributing the important bmdmg material m the manufacture of briquettes 
It may be noted m this connection that m most of these countries m which 
the briquette mdustry has been developed the pnoe of coal is very high To 
insure a market for the briquette products, the puce must be considerably 
lower than that of good coal m the several bnqnette-producmg countries 
At the time, Germany * is the largest producer of briquettes and with the 
development of this industry there has been invented many varieties of 
bnquetting machines Briquettes form the prmcipal domestic fuel of Berlm 
and other cities and districts m Germany. They are used in locomotives and 
other steam fires and are employed for heatmg in various processes of manufac- 
ture German briquette factories are divided, m respect to the crude material 
employed, into two general groups: those that make household bnquettes 
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from brown coal (ligmte) or oarbonuetl peat, and those that produce the BO- 
oalled ‘ Industrie Briquette ’ using as basic material coal dust or slack household 
briquettes, os made in Germany from brown coal or peat, and used m grates, 
heating stoves, cooking stoves and ranges They are cheaper in Germany ton 
per ton than good bituminous coal Industrial briquettes are used in Germany 
for firing locomotives and other steam boilers, for smelting and roverberatoiy 
furnaces and for many other kinds of mdustnal use 

The manufacture of coal briquettes known as patent fuel is not conducted 
on a very extensive scale in Great Bntain In the establishment of briquetting 
plants in the USA and also in Canada the same degree of success has not 
matenalised as in Europe This is mainly due to the difforonco in the available 
fuels and their method of utilisation in Europe 

France, Belgium, Austria, Hungary, Netherlands, Norway, China and 
Japan have also taken up the manufacture of briquettes in a small way 

Fuel bnquettmg has for its aim the accomplishment of the following 
objects — 

(1) The utilisation of the fine material (slack coal) unavoidably made in 

the mimng and handlmg of coal 

(2) The creation of a good hard fuel to burn practically without smoke 

or odour 

(3) The concentration of the greatest number of heat units into the 

smallest space practicable, by cleaning and oompressuig matenal 

of infenor heating value 

In the mining of coal, a large proportion of the output of a mine is often 
necessarily dust, slack or culm, of which a certain amount is wasted In the 
case of coking coals, the slack is generally charged into ovens, but dust of 
other coal is usually wasted 

The advantage of using fuels that bum without smoke or odour is very 
great, especially m big cities where dense trailing clouds of smoke coming out 
of the chimneys of nulls and factories pollute the atmosphere To appreciate 
the advantage of using the briquette or patent fuel, one should contrast some 
Amenoan cities or English towns with those of Germany where the briquette 
18 largely used for industrial and domestic purposes 

The third object — ^that of obtaining concentrated fuel— is very important 
from a national pomt of view in a country m which large deposits of infenor 
quality of coal occur. This coal can be very economically used in the manu- 
facture of briquettes which will burn practically without smoke and produce 
more oalones of heat than produced by the raw fuel 

Briquettes are made in various shapes and forms They are made m 
sizes varying from 20 pounds each to a size that takes several to makea pound 
Industrial bnquettes ara usually of a square or oblong form, convenient to be 
packed or built up into a pile like bricks. The domestic briquettes are generally 
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of smaller sizes varying from J pound each to 2 pounds and they are of egg- 
shape or oval-shape 

The fuel briquette should satisfy the following spetifioations it must be 
hard, homogeneous in density and size and only very shghtly hygroscopic 
and should burn almost without smoke or odour, the breakage caused by 
handling should not exceed 5%, it should ignite readily and retain its shape 
when completely burnt. 

Methods and, Costs of manufacturing Bnguettes 

Bnquettes may be made of any one of the following materials’ Coal 
slack, screenings, or dust , anthracite screening or t iilm , coke breeze or small 
coke , ligmte coal , charcoal , peat or torf , petroleum The method of manufac- 
ture may be divided into two general groups * 

(1) Enqueuing unth binding matenal, whore the coal or coke must be 
compressed with bonds m order to manufacture briquettes The binding 
materials used for binding together the small particles of fuel employed 
m makmg briquettes are various, amongst them bemg asphalt, coal tar, 
pitch, petroleum, molasses, magnesia cement, starch paste, etc 

The most common binder used is pitch in its various forms The hard 
pitch ^ used for briquetting should contain 76% to 80% of carbon and only 
25 to *6% of ash Though tar and soft pitch are also used as binders, they 
have many disadvantages which do not apply to the same extent to hard 
pitch. The presence of the light and heavy volatile hydrocarbons in the tar 
and pitch creates smoke and smell when this bmder is used in briquettes, 
also, the point of distillation of soft pitch is about 400 degrees fahrenheit, while 
that of hard pitch approximates 800 degrees fahrenheit Thus bnquettes made 
with soft pitch have to be kept cool or they will soften and, by stiokmg together, 
form large lumps Among the other orgamc binders, the most important are 
starch paste and sugar molasses, but these have not as yet attamod more 
than local importance 

The most suitable inorgamc bmder is magnesia cement, which is both 
cheap and abundant The use of 6% b of this material is said to produce a 
stronger briquette than that made by any other binder , when 6% of this bmder 
u used, the quantity of ash added amounts to but 2 6% The process of using 
magnesia cement is very simple and cheap, as no drymg is required and the 
only fuel expended is that for power The bnquettes harden gradually at the 
ordinary temperature, and after from 6 to 10 hours are strong enough to be 
stored or handled, m a few days they are capable of standmg a pressure of 
from 7,000 to 22,000 pounds per square inch But on account of the higher 
ash content it is not preferred in the market wherever good hard pitch bnquettes 
are available. 

The manufacture of bnquettes includes coal orushmg, wasting, and 
drying processes * 
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First, the ooal must be thorou^y cleaned and separated from all 
extraneous matter, the cleaner the product, the higher the value of the 
bnquettes. 

Drying is done in some instances m drying furnaces These furnaces 
being especially employed for ooal that is of a semi-bitummous nature, because 
it becomes shghtly softened and in such oases the pitch is introduced either 
immediately before or after the ooal has passed through the furnace thus 
reducing the quantity of pitch required 

The next process is crushing the ooal This is done either by rolls, stone 
breaker or other dismtegrator It is very important that the coal should be 
reduced to a uniform size The most satisfactory results are obtained from 
ooal of an even size inch) or from slack The finer the ooal the greater is the 
quantity of pitch required to agglomerate it 

When the wet or melted pitch process is employed the pitch is commonly 
mixed with 10 to 16% tar In oases where the dry pitch process has been 
adopted, the pitch is broken m a miU or cracker, then added in suitable quantity 
to the ooal and the mixture is passed through a disintegrator An intimate 
blending of the two ingredients is thus ensured The mixture whether it has 
been heated m a furnace or not is finally heated in a heater or pugmill to render 
it perfectly pasty The heat is obtained either by a steam jacket, which is 
called the 'dry heat system’, or by direct mjoction of the steam into the mixture 
which 18 called the wet steam process or by a combination of the two The 
temperature of the paste m the moulds of the press should not be lower than 70 
degrees centigrade nor higher than 90 degrees centigrade The amount of pitch 
required as binding material vanes with its quahty, character, and quahty of 
ooal and its shape of division and with other circumstances which cannot be 
well detemuned except by experiment On the Continent the average is 6 
to 9% and in Great Bntam 8 to 10%. The average amount of water present 
in the paste should not be less than 3% and not more than 6%. 

The presses used for bnquetting are of vanous types There are two 
general types which are mostly in use: the press with open mould and the 
press with closed mould The closed mould type is divided mto two classes 
tangential press and plunger press A large number of these presses are m 
operation making bnquettes of all sizra. The pressure used depends on the 
quahty of ooal and bmding material employed If the ooal is soft and large, 
a hght pressure will suffice. If a fine ooal is used, the pressure on^t to bo 
heavy Light pressure can be used for molasses, as well as when a great 
amount of pitch is used for agglomeration. 

(2) BrtqueUxng wUhout btndxng material — This process oonstets in manu* 
faotunng compact bnquettes from coal dust or slack ooal by pressure , such 
ooal must contain 6 to 12% of water and high bitumen or resin content. 
Considerable attention has, in recent years, been devoted to the briquetting of 
coals without bmder or -with a small proportion of binder and presses that 
would give these results with a reasonable pressure have been designed. 
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A notable bnquetting procese was patented by E R Sutcliffe f (British patent 
No 5108) This invention consisted in reducing the coal to a very finely 
divided condition, as would pass through a 200 mesh and compressing the raw 
matonal so as to produce a hard homogeneous and stonelike briquette In 
this process homogeneous briquettes from blends of coal have been made 
without the aid of a bmder, subjectmg the coal to a pressure of about 10 tons 
per sq inch The briquettes are subsequently carbonised at temperatures 
varying from 400 degrees to 1,200 degrees centigrade The advantages to be 
derived from bnquettmg, as a prehmmary to carbonising and gas-making, 
ore many Improvements in heat conductivity, the prevention of expansion 
and sticking troubles and increased yield of volatile products are some of the 
advantages accruing from briquette carbonisation 

Some instructive experiments on carbonisation of briquettes were earned 
out at the works of the South Metropohtan Gas Company The bnquettes 
from a blend of 76% of Durham coal with 26% of coke breeze were carbonised 
at high temperature and the results compared with those obtained when using 
100% of the same Durham coking coal The results shown in the following 
table were obtained * — 


Tidds from Durham coal and briquetted mixtures ^ 


Yields 

Ordinary 

coal 

Briquetted mixtures 


A 

B 

Gaseous therms per ton of coal . 

74 7% 

68 2% 

71 1% 

Tar therms per ton of coal 

16-1% 

31 1% 

27 6% 

Total volatile therms per ton of 
coal 

90 8% 

99 

98 6% 


The total yield of therms as a result of bnquettmg has increased nearly 
9 per cent 


Cost of making Briquettes * 

The cost of wiaking briquettes or patent fuel vanes greatly, according 
to the location of the plant and the kind of material used. Plants are usually 
equipped as follows : One set of oham elevators ; one pitch cracker ; one mixer for 
mixing the coal and the pitch (or any other bmding material) m the proper 
proportion; one disintegrator for pulverising the coal and pitch, one vertical 
heater; one briquette machine; steam engine; other necessary arrangements 
for driving the various items of the plant The average capacity per day of 
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the plant depends entirely on the number of maohines in use In some plants 
not more than 40 to 60 tons of briquettes are made per day of 10 hours, while 
in more elaborately equipped plants 100 to 120 tons of briquette are turned 
out in the same number of hours The estimated cost of manufacturing 
bnquettes including raw material, labour, and interest on money invested, 
IS about 26 shillings per ton in England and 0 to 10 marks in Germany 

Enqueuing of Coal in India 

Bnquetting of coal is not done in India In many parts of our coal- 
produomg distncts, immense stocks of unused fine coal has been wasted This 
material affords, when washed, the best substance for the manufacture of 
briquettes, especially for domestic purposes Next to the slack coal waste, 
the waste of coke breeze at the coke plant offers very desirable material for the 
manufacture of briquettes About 2 to 3% of breeze is made in the manufac- 
ture of coke As India produced m the year 1936, 1,769,036 tons of hard 
coke, the amount of breeze at the low estimate of 2% would be 36,000 tons of 
clean coke dust for briquetting All or nearly all of this is at present wasted 
It IS qmte probable that this coke breeze could be secured for the removing 
of it from the coke works or at most at a mere nominal price Bnquettes 
oould therefore bo made at a moderate cost These bnquettes would be very 
nearly smokeless, the only smoke-producing substance being the pitch used as 
binding material 

Much of the infenor quality coal of India oould be manufactured into 
bnquettes with a mimmum percentage of the bmding matenal 

The reason sometimes given by our industrialists for not turmng their 
attention to the manufacture of bnquettes m India is the scarcity of pitch 
and the cost of manufacture which will be higher than the pnoe of other fuels 
available m India It should be noted that almost any resmous or tarry 
matter may be used as binding matenal for making bnquettes Molasses 
acts as a good binder and is available in large quantities in India at a very 
moderate pnoe At present it is either wasted at the sugar plant siding or 
sold at a nominal price 

The estimated cost of manufacture of bnquettes in India mcludmg raw 
matenal, labour and interest on capital invested, will be about 3 or 4 rupees 
per ton. The cost of a briquette plant with a capacity of 40 tons per day of 
10 hours will be approximately 7,000 pounds m India >0 

It IS to be hoped that immediate attention will be paid to ibhe utilisation 
of the inibnor quality of coal of India, slack coal and coke breeze, which have 
very little demand in the market and are wasted, for the manufacture of 
briquettes The bnquette industry will not only solve the problem of economic 
utilisation of the ne^oted fuel resources of our country W it will also solve 
the smoke nuisance problem of our cities 
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THE UNDERGROUND GASIFICATION OF COAL 


By Cyril S Fox, D 8o , MJ M%n E , Geological 8uirv^ of India 

The subjeot of the undergroand gasification of coal has been reoeiving 
a great deal of attention in the U 8 S R for the past five years and althongh 
two years have now passed since I was m Russia and made personal enquiries, 
there has still been no report of the process operating m an established 
manner. 

It will bo of interest to review the history of the Russian efforts They 
claim that Mendeleyev recommended the idea independently of the English 
chemist Sir William Ramsay who is behoved to have suggested this method of 
using coal As I have not seen the onginal reference I am unable to say what 
was suggested. 

The Russian expenments, so far as I could gather, arose in a logical way 
as a result of necessity Owing to a great shortage of wagons they found 
considerable difficulty in supplying the demand for coal for various important 
industrial centres and power stations for manufacturing plant 

The pohcy they adopted was to send coal by tram to the more distant 
consumers and to prepare gas at the collieries and pipe this fuel to the nearby 
steam-raising plant The success seems to have been complete as Moscow 
was to be supplied with gas in this way from Tula, 100 miles away. 

Many ideas have followed for the complete gasification of coal at the 
colhenes where {ffoducer and other gas works were established for the generation 
of gas and plans were made for elaborate distnbution of this gas by pipe lines 
to the power stations where the gas u burned under boilers 

The idea of having the gas producers at the bottom of shaft, that is under* 
ground instead of on the surface, was obvious as this would save the haulage 
of the coal and the disposal of the olmker and there would be some economy 
m expenditure to say nothing of the novelty of the thing 

The zeal to do better and better with regard to bold schemes is a feature 
of Soviet Russia and so Mendeleyev’s idea was revived and the astonishing 
darmg of the operation made it a popular thing and thus it seems that permission 
was obtained to bum the coal tn stfu for gas. 

All the details 1 was able to secure show that complete gasification of the 
oosJ seam is aimed at but 1 was unable to arrange a visit to any of the Fodszen 
gas plant. It was explained to me that it was essential to |iave absolute control 
over the air and steam supply and gas produced. 

From what I could gather the investigations are being made in coal 
seams which are relatively thin compared with what we have in India, and it is 
evident that there must no old workings or breaks and ffiults throng which 
the gas can escape into the adjacent workings or to the sucffme. 
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When I think of the 24-foot and thicker seams in India and the large 
percentage of coarse sandstones which overlie the coal seams and remember 
the ease with which water percolates m the joints of the strata in the Gondwana 
ooaliields I cannot imagine how gas cannot escape 

If any proof was needed that underground gasification of the coal, as it 
stands in the seams, is likely to be a failure in India, owing to the ready escape 
of the gas through the porous sandstones and the points and fault planes, it is 
clearly before us in the Damodar Valley coalfields 

You will remember the numerous peridotite dykes and the large areas of 
so-called ‘burnt’ or coked coal m many seams in the Jharia field and elsewhere, 
and the estimate that many milUons of tons of coal had been spoilt by igneous 
intrusions which have produced natural coke 

Have you considered how much gas must have been distilled by the 
coking of the coal ? Whore has it all gone ? Wo do not even find any good 
evidence of the liquid products of distillation And yet that coking was effected 
in the virgm seams long before an mohne was driven or a shaft sunk 

1 do not mean to imply that the gasification of coal in proper producers 
IS not feasible underground in Indian oolhenes especially in poor quality coal 
scams but I behove the total thermal umts which the gas could provide will 
be loss and cost more than what could be secured by using the coal in pulverised 
form 

However, these are aspects for closer consideration in power generation 
and it 18 quite possible that complete gasification of coal in properly constructed 
gas producers may be efficiently performed and the gas piped away to nearby 
consumers or supplied to a great electrical power station at very cheap rates 
It IS a question of the cost of the powdered coal and efficiency of the 
boiler combination on one hand against the cost of the gas and the efficiency of 
boiler combination on the other hand — » e on the cost of the powdered coal 
for doing the same work as the gas fuel at a given cost 



DOMESTIC COKE 


By N N. Chattbrjbb ♦ 

As a rmult of the recommendation of the Noyce Committee the Coal 
Grading Board was estabhshed by the India Government for grading coal A 
few years later the Soft Coke Cess Committee was formed and the Act No VIII 
of 1929 provided for the levy of a cess of two amias per ton on soft coke des- 
patched by rail from collieries in the provmces of Bengal, Bihar and Orissa 
The purpose for which the cess was levied was two-fold, namely (i) for pro- 
moting the sale, and (ii) for improving the method of manufacture of soft 
coke The realisation of this cess has been going on for the last ten years and 
the fund thus accumulated is disbursed according to the scheme of expenditure 
formulated by the Soft Coke Cess Committee In the following pages an 
attempt is made to show how far the objects for which the cess was levied has 
been fulfilled 

A perusal of the balance sheet published by the Soft Coke Cess Committee 
will show that practically all the money, t e nearly one lac of rupees, is spent 
for propaganda work in order to popnlanse the soft coke amongst the general 
public throughout India For the second object a sum of Rs 2,400 only was 
spent by the committee 

A reference to the report will show that contmuous propaganda has been 
earned out for populansing the soft coke and the detailed method of such 
work is quoted below 

‘The committee’s staff made house to house visits in every centre 
and explamed to householders the advantages, econonuc and hygienic, of 
soft coke over other fuels Practical demonstrations in lighting soft coke 
were also given whenever required Soft coke and portable ovens were 
distnbuted free at all propaganda centres ’ ‘The lady officers 

of the committee worked amongst the womenfolk with great success. 
The staff rendered all possible help to consumers in obtammg their supplies 
of soft coke Certam staff was also sent to outstations to carry on pro- 
paganda work ’ . . 'The committee’s pubhoity work was 

earned on through newspaper advertisements, distnbution of handbills and 
leaflets ’ . . . ‘Notorial posters were displayed at aU propaganda 

centres and other towns ’ ‘Enamel signs were exhibited at important 
stations on all the principal railways. The oomnuttee’s films were shown 
free to the public ’ . . . ‘Sandwich boys carrying posters and 
literature on soft coke paraded on suitable occasions.* ‘The committee 
issued a calendar for the year 1938’ and also for 1039. 


* Dept, of Geology, OslooMa tTnivenlty. 
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This speaks well of the energetic effort of the committee to posh the sale 
of soft coke but I do not understand why the committee failed to realise that 
the commodity for which they are tr3rmg so much should also be improved 
m quahty so that their efforts in popularising it might meet with success m a 
more easy manner They do not seem to have exerted much of their energy 
in this direction The consumers have been paying the cess for these years 
under the expectation that they would get a better commodity m return for 
the extra money spent, but ten years have elapsed without bnnging about 
any change or improvement in the quahty of soft coke and at the present day 
the same old material prepared by the same old process from the inferior grade 
and stony coals is placed on the market for which so much propaganda is 
earned out Sufficient length of time (ten years) has already elapsed, and if 
the method of manufacture of soft ooke is not going to be improved and if a 
better quahty smokeless fuel is not going to be placed on the market I do not 
see any reason why brisk agitation should not be started and why the India 
Gkivemment should not be moved to reduce the cess to a minimum or to stop 
it I am personally of the opinion that the first and foremost duty of the 
Soft Coke Cess Committee should have been to improve the ooke in quahty 
and then to carry the propaganda work for pushing its sale A reference to 
the report will show that the committee found their way to sanction the grant 
of a bonus on the sale of soft ooke to depot-holders m Bombay but I think 
the committee would have acted more wisely if they awarded a bonus to the 
manufacturers of sofb ooke for producing a better smokeless fuel By this 
move the owners of coal mines would have taken the imtiativo to devise ways 
and moans to improve the method of preparing soft coke Another suggestion 
IS that the committee should make arrangement to check from time to time 
the quality of ooke produced at different places and class them m different 
grades of quahty and market pnoes The committee should give more attention 
to this aspect of the question and it is rather unfortunate that dunng the 
last ten years nothing has been achieved m this direction. 


Meihod of Jlianufaeture 

A reference to the report shows that after ten years the committee realised 
that * there is also room for improvement m the process of manufacture * and 
with a view to ascertaimng how a better quahty coke can be obtained the 
committee solicited the help of the 'Beseareh Department of the Indian School of 
Mtnee* and that groups of colhenes were placed m ohai^ of the local sub- 
committee and the *Ihrector of Fud Research^ Indian School of Mines. We 
are not aware if there is any officially reoogmsed department styled as * Research 
Department* in the School of Mmes and of the personnel of that department 
For the last few years a small amount of money has been placed at the 
disposal of the *BeBearoh»Departmmit’ of the Indian School of Mines to carry 
on research work to improve the method of soft ooke manufooture A pemsal 
7 » 
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of the report will also show that as a result of the so*oalled Research 
Department’s mvestigations some very useful information on the manufacture 
of soft coke has been recorded But what this 'useful information* is no- 
body is aware of and it is to be regretted that this useful information could not 
find place m the report and be made pubho A few data are, however, published 
with regard to volatile matter and ash pereentago of some soft cokes. These 
figures, without giving the names of the coal seams from which the soft cokes 
have been made, do not appear to be of any use except that they show the 
wide range of variation m the quality of soft coke 

The description of the soft coke prepared in India as given m the report 
(page 6) shows that it is nothing but a mass of charred coal, half-burnt coal, 
and more or less completely burnt coal The report further admits that the 
quahty of soft coke supplied by many collieries is often inferior. Stony coal 
IS occasionally used m the manufacture The method of manufacture has 
been going on for a very long time without any improvement or modifica- 
tion The analyses that appear in the report amply demonstrate the poor 
nature of the majority of soft coke and that there is a very wide range m 
quahty, some are practically unburnt and some are more or less completely 
burnt 

It was felt by the committee that the work of improving the quahty of 
soft coke should be of a more practical nature and that arrangements were 
made with oolhery owners to carry out practical tests but nothmg is made 
known as to the fate of such tests According to the report ‘the trouble is to 
get manufacturers to recognise the importance of quahty and one of the 
difficulties with which the committee are faced is that dealers do not buy on 
any specifications and consumers are only too eager to purchase in the cheapest 
market’ It is really very strange to follow this argument that the manufac- 
turers for whose benefit cess is collected and for whose commodity so much 
propaganda work is bemg carried on do not recognise the importance of quahty 
In that case there should be no other alternative but to stop the cess altogether 
and the committee should dissolve forthwith Regarding the other pomt it 
may be said that when a better grade smokeless fuel is produced and 
placed on the market the dealers and consumers will gradually take to 
the better commodity even at a reasonably higher price. This is amply 
demonstrated in every type of business. 

I take exception to the report saying on page 16 that ‘m burning very 
little smoke is given off’, etc. while enumerating the advantages of soft coke. 
The analytical results published m the same report on page 6 go to contradict 
this statement and it is really unfortunate that such statements should be used. 
When a soft coke of better quality is produced it will surely have a ready sale 
with less propaganda. 

The requirements of a good domestic fiiel should be as follows: — 

(1) It should have been jueviously treated for the recovery of by- 
products from the raw coal and so rendered smokeless. 
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(2) It should contain only a small amount of volatile, say 7 to 10 per 

cent, and be of such structure as to be easily kindled and kept 
alight in open fire-places and should require very little draught 
for combustion 

(3) Its radiant efficiency should be high 

(4) It should bo dense and compact so as to mininuse transport and 

dehvery charges and roqmre a minimum storage space 

(6) It should bo sufficiently robust to stand normal handling and 
transport 

(6) The ash should bo low depending on the nature of the coal from 

which soft coke will bo made In Bengal and Bihar coalfields 
we cannot expect low ash domestic fuels 

(7) It should require minimum attention during combustion 

(8) Its texture should be uniform 

(9) The price should be sufficiently low to attract purchasers 

The manufacturers of domestic fuel should try to obtain all those properties 
in their finished product A reference to the literature on this subject will 
show that many patents have been taken out to carbonise the coal at 600°C 
to obtain a smokeless jiatent fuel commonly known as coalite or semt-coke 
The best procedure, however, would be one in which arrangements are made 
for the recovery of common by-products such as tar, ammonia and gas The 
installation of a low temperature carbonisation plant or a Parker plant or a 
similar one with the arrangement to recover by-products would be an ideal 
thing no doubt but it need not be discussed here as there is hardly any scope 
to erect one at the different small collieries to use exclusively their inferior grade 
coals for the manufacture of semi-coke If, however, the scheme for obtaming 
liquid fuel and other by-products out of Bengal and Bihar coals proves satisfac- 
tory and favourable then the residue left behmd in the retorts will be obtained 
as an ideal smokeless fuel far superior to the Ion grade soft coke now marketed 
and it IS sure to capture the market and replace the latter 

The question immediately before us, therefore, is to produce a better soft 
ooke as domestic fuel from the inferior grade coals The manufacture on 
an economic basis of a senu-ooke having many of the properties mentioned in 
a previous paragraph mvolves a certain amount of research. Investigations 
in the following Imes are necessary. Blending of different seams in oertam 
proportions, suitable size of the coal particles to be blended and carbonised, 
and the amount of excess bmdmg material in the cakmg coal to be available 
for taking up non-caking coal and uniform cellular texture of semi-coke and 
so forth 

Research work m some of the above useful lines has been in progress m 
the Geology Department, Presidency Ckillege, Calcutta, under my guidance 
and the results may b4r made available at an early date. As an example it 
may be said that the seam No X of western Jhana side may take up as much 
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as 30% and seams VI, VII, VIII may take up 20% of some non>oaking coal 
such as seam No IV Expenments with different sizes of coal particles show 
some variation in the capacity of blending Practical tests m the above lines 
will have to be carried out for guidance in the process of manufacture. After 
having sufficient mformation on these points the next step is to improve the 
actual process of manufacture It must be admitted by all that the method 
practised at the present day in burmng coal m heaps requires immediate 
modification It has already been overdue Following this system it is 
impossible to get coke of umform quahty and wastage is also very lugh. 
Improved method of destructive distillation of coal out of contact with air 
has become imperative The author has visited many places m the Bengal and 
Bihar coalfields where soft cokes are manufactured and, as a result of his ex- 
penence, he suggests that simple chamber ovens, such as beehive or rectangular 
chambers, may bo suitably constructed for the purpose with ordinary bnok 
but having an inner hmng of firebrick There should be arrangements to 
allow for expansion that will occur dunng low temperature carbonisa- 
tion but research work will help m avoiding unusual expansion There may 
be a movable iron framework at the bottom of the chamber to receive the 
coal charge and after the operation the coke may be raked out Simple 
chambers may easily be constructed to carry out carbomsation without any 
access of air at low temperature {600“C to 600®C ) without any arrangement 
for recovery of by-products and gases This simple method will give a much 
better coke than what is manufactured at present The manufacturers should 
be encouraged to install chamber ovens with suitable arrangements to recover 
some of the by-products and gas There should also be simple arrangements 
for heating by burning gas in the fiues and combustion chamber and also for 
recovery of gases The author of this note has prepared a sketch of one 
such chamber oven which ivill be published elsewhere Colliery owners and 
those who are manufacturers of soft coke should immediately start small 
experimental chamber ovens to carry out the practical tests The tempera- 
ture should be regulated at will and should be in the neighbourhood of 600- 
600*’C The period of heating is to be actually detenmned by trials and should 
be well withm 24 hours Of course, it impends on the nature of the ovens and 
the amount of the charge, the size of the coal particles, moisture content, etc 
The coke thus produced will have a more uniform nature and quality and 
will be a smtable smokeless fuel for domestic use When generally adopted a 
large amount of useful materials such as tar, ammonia, etc will be made 
available for our different uses One will be surprised to know that about 0 75 
milhon gallons of motor spirit, I'S million gallons of hj^t oil (kerosene), 3 million 
gallons of lubricatmg oils, 0'75 milhon gallons of carbolic acid and creosote oil, 
10,600 tons of ammomum sulphate, 16,000 tons of residual pitch and about 
7*6 bilhon cubic ft. of very noh gas are at present being wasted during the 
annual soft coke making from the Jharia coals only (see S. K Boy— Presidential 
Address, Proe Ind 8c, Congrew, 1039, p. 72) Attempts to install chamber 
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ovens with arrangements to recover some of these by-products will save some 
valuable material from being lost and this will be a move m effectmg 
the conservation of a national asset to some extent 

The Soft Coke Cess Committee would act wisely if they carry on some 
propaganda work to mduce the manufacturers of soft coke to adopt smtable 
blendmg of different coal seams and to use chamber ovens for low temperature 
carbonisation process so that better quality cokes may be placed on the market. 
The committee should be moved to award several prizes and to offer a substan- 
tial bonus to those manufacturers who take to improved methods of manufac- 
ture These pnzes and bonuses may be fixed on a shdmg scale accordmg to 
the nature and stage of improvement Immediate and senous attempts should 
therefore be made by the committee to move m the matter as such an improve- 
ment m the soft coke manufacture has long been overdue and contmued research 
on the Imes already suggested will help the manufacturers m the proper selection 
and blending of coal seams, in having smtable size of coal particles for carbonisa- 
tion and in other ways to impart good physical properties 

The author also suggests that small colliery owners should combine and 
form bigger concerns and economic units so that better methods and plants 
with fall scientifio eqmpment might be easily adopted for the manufacture of 
smokeless domestic fuel on a bigger scale. The recovery of by-products may 
then be a simple and easy affair to tackle The author smoerely hopes 
that the Soft Coke Cess Committee will spend sufficient money to encourage 
and help the enterprise m this direction which is of fundamental importance 



DOMESTIC COKE IN INDIA 


By C Foerbstkb,* AH WC , FIG , PhD, FUSE , Fellow of the 
IiuiiMe of Fuel 

The subject of ‘CarhouiBation of Coal* is dealt with separately in this 
Symposium and as it presumably covers the general question of low 
temperature carbonisation, such matters as the production of smokeless fuel 
by modern low temperature carbonisation processes are not dealt with in this 
short note 

Domestic fuels m India comprise five mam substances, namely, cow dung 
cakes, wood, charcoal, gas coke and ^soft coke* Of these the first three are 
ubiquitous, and the use of the last is to some extent limited either according 
to cost or accordmg to suitabihty for the purpose for which it is required 
The first temptation of the fuel technologist m India is to assume that all 
that 18 necessary to deal with the triple problem of the provision of a good 
domestic fuel is to replace cow dui^, wood and charcoal with one or other 
of the easily-igmted cokes The expression ‘tnple problem* is used as there 
are three important aspects of this matter that engage the attention of the 
enthusiastic scientist, namely — 

(а) desirabihty of savmg cow dung and other waste animal products 

for fertilisation of the land, 

( б ) desirabihty of providmg inhabitants of cities with a comparatively 

smokel^ fuel, and 

(c) designing stoves, chulhas, etc and utensils suitable for use with the 
new type of fuel 

The author has for some years been personally concerned in the 
investigations of the Soft Coke Cess Committee into methods used for manufac- 
ture of soft coke, with a view to discover to what extent, within the financial 
limitations of the industry, those methods can be improved Certam facts 
have been ascertained regarding the quahty of the coal selected for manufacture 
of this form of domestic coke and of the product. The funds available did not 
permit of large-scale experiments being carried out and the author relinquished 
the funds a year or two ago pending a decision as to the sanctioning of expen- 
diture for testing large<«oale tar recovery processes. Frehmmary results have, 
however, been published along with detailed information about the conditions 
obtaining m the heaps and the methods adopted for supervision of the process 

In the course of these invest^ations he has also had to examine cokes 
of the type sold by the city gas corporations and to compare these alternative 
domestio cokes with the so-called *soft coke*. 

* Prinoipsl, School of Mines, Dhaobsd. 
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The problem of obtammg a comparatively smokeless fuel is one that brings 
in its tram the equally important one of ensuring that the fuel shall be easy to 
use under ordinary domestic conditions Unfortunately the one desideratum 
can be obtained only at the expense of the other The reasons why some 
forms of carbon such as the various cokes are more easily igmtable than others 
have not yet been satisfaotonly elucidated For the time being the important, 
and easily understood, fact is that quite apart from the form of the carbon 
(» e whether ‘amorphous’ and dull black or graphitic and more or less silvery) 
its association with a reasonable amount of volatile combustible matter aids 
m ensuring ease of ignition What minimum and maximum amounts of 
volatile matter are to be fixed has not yet been determmed Samples of city 
gas corporation cokes largely used for domestic purposes in India showed the 
presence of from over 2|% of volatile to as much as just under 7% Enquiries 
regarding the smtability of these cokes for ordinary domestic purposes have 
shown that although they have proved entirely acceptable as smokeless fuels 
their Ignition has frequently presented difficulties Comparison with a large 
range of soft cokes and practical experiments prove conclusively (as might, of 
course, be expected) that the larger the amount of volatile matter left in the 
coke, the easier it is to igmte But when we examine soft cokes we see that we 
sometimes come across samples that prove to bo undesirably smoky in the 
earlier stages of their combustion 

The problem, therefore, is to discover what compromise can be effected 
so far as volatile matter content is concerned and how it is to be attained 
There is the associated problem of trying to recover part at least of the volatile 
matter that is at present allowed to go to waste and to pollute the atmosphere 
of the coalfields where soft coke is made 

The Indian soft coke industry has been built up, of course, on the utilisation 
of low grade coals and to that extent it may be regarded as fulfilling an 
important function in this country and gomg far towards assisting m conserving 
and fully utilising our coal resources No pretence is made that the coals used 
for the purpose are of high grade or that the product is a high grade one either. 
Any attempt to compare soft coke as made at present m India with domestic 
smokeless fuel as manufactured by modern low temperature carbonisation 
plants is not only absurd but also a waste of time And any proposal to 
replace the Indian soft coke industry wholesale by a large-scale low tempera- 
ture carbonisation mdustry should be regarded with the greatest caution and 
circumspection until it is certam that these low grade coals are not going to be 
ousted from the market In the opimon of the author the desire to recover 
distillation products should not be allowed to cloud the main issue, which is 
that India has millions of tons of low grade but quite useful coals whose con- 
version into a domestic fuel and whose utilisation in other directions must be 
encouraged, not only for the sake of those members of the mining industry 
whose hving depends on^t but also m the interests of the conservation of our 
fuel resources 
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Now a large proportion of such low grade coals m India cannot 
be economically treated in a washery or other coal-cleaning plant Visual 
X-ray examination of the lump coal conclusively proves this Some of it, m 
fact quite a large proportion of it, does not, after crushing, coko so satisfactorily 
as the crushed coal or slack of the better seams, so that ultimate utilisation of 
this low grade coal in a modem coke plant does not necessanly (in the hght of 
our present knowledge) offer any special attractions The present system of 
coking large lumps has obvious advantages — the preparation prior to coking 
costs nothmg and the product is in lump form and travels well by road and 
rail without undue loss by crushing and production of fines 

We may take it, therefore, that the present system of coking large lumps 
by a simple distillation process is likely, for some time yet, to remain as a 
feature of the coal industry, even though economically sound means may yet 
be found to recover part, if not all, of the volatile products, whose value as 
‘by-products’ is, it is to be feared, somewhat over-estimated just at present 
And that statement does not negative any proposal to establish a modern low 
temperature carbonisation industry, using either the same low grade coals or 
those of better grade 

It follows from the preceding remarks that the quality of the coals used 
for making soft coke is at present undoubtedly low Ash contents of selected 
lumps taken at random have been found to vary irom as httle as 8 per cent 
to as much as 38 per cent, but both these extremes are unusual and a more 
normal range is from about 12 to about 26 per cent, with an average nearer 
16 or 17 per cent Such coals will, on distillation , yield cokes of correspondmgly 
high ash content For example, a typical coal, such as is used, contaimng say 
16% of ash will, on coking under normal high temperature conditions (is 
at about 950°C ), yield a coke contaimng as much as 21% of ash, and as the 
temperature in a soft coke heap is not anywhere near that temperature but 
closer to 400‘’C , less volatile matter is likely to be driven off, there is a slightly 
larger production of coke and the ash content is, therefore, less and in fact 
likely to be about 19 per cent m the instance quoted The average ash content 
of a large range of No 1 soft cokes has been found to be about 22 per cent. 
It should be remembered, of course, that there are many qualities and grades 
of soft coke and that it is sometimes a difficult matter to correlate the designa- 
tions of the various grades in different districts These grades are not 
necessarily grades in respect of quahty only In one distnct the expression 
‘No. 1 Soft Coke ’ is apphed to large lumps of the best quahty No 2 soft coke 
18 of inferior quahty but qmte saleable at lower prices But there is a grade 
known as No 1| This consists of small size or rubble soft coke of good 
quality Its quality may be better than that of No 1 or not so good, » e 
its quahty is not between those of Nos. 1 and 2 (Incidentally it may be 
remarked that there is a preference m towns for soft coke of the above ‘No 1| ’ 
grade whereas country consumers prefer the large lump coke. No. 1 or No 2 ) 
It 18 inevitable that even qmte large lumps of very inferior shaly coal get into 
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the heaps and these may iwove not to have coked at all well Such very low 
grade coal may emerge irom the coking process as ‘stony soft coke’ and even 
this low grade material finds a sale, but as it is not so largely used for ordinary 
domestic oonsumption it is not dealt with m this note (Some concerns 
speoialiBo m the manufacture of stony soft coke ) In other districts these 
appellations are not necessarily apphed to exactly the same respective types 
or quahties of soft coke On the whole, however, the above descriptions 
apply 

Beference has been made above to the acceptabibty of gas coke as a 
smokeless domestic fuel The word ‘smokeless’ was emphasised, because 
such cokes, while being acceptable on the score of their relative smokelessness, 
are not neoessanly completely satisfactory in other respects The difficulty 
of igmtion has been referred to but another difficulty may arise, namely, that 
of providing a comparatively ‘soft’ fire for some kinds of cooking When 
making a domestic coke it is not necessarily always desirable to aim at 
producing a ‘first class’ article, so far as ash content is concerned, and it is the 
comparatively high ash content of soft coke that actually offers certam advan- 
tages over the better quahty gas coke Soft coke manufacturers aim, so far as 
the domestic market is concerned, at replacmg as far as possible cow dung 
and other natural and local forms of fuels commonly used for cookmg Most 
of the fuels that it is desired to replace bum with a steady qmet fiame or even 
merely glow, and within a short distance of the flame or glowmg mass the 
temperature may not be excessively high Thu feature of these indigenous 
fuels renders them specially smtable for the preparation of a large range of 
Indian foodstuffs In fact a complaint that has occasionally been levelled 
against the use of the best soft cokes is that the fire is too hot (The same 
complaint has been reported against gas cokes ) 

It is here that consideration of high ash in a coal assumes an aspect different 
from the normal For many domestic purposes m India a moderately high 
amount of ash is actually an advantage, because m the course of time after 
the fire has been prepared the accumulation of ash aids m damping the fire 
down and in producing a moderately hot glowing mass rather than a bright 
red-hot mass resembling a miniature furnace. For example, when frying with 
ghee and for boiling nulk a moderate heat is essential, whereas for cooking 
nee, although many hold that a moderate heat is preferable, consideratiODB 
of time make’ll hot fire desirable. Even for oookii^ some dais, owing to the 
difficulty experienced m softening the gram rif^t through to the centre, long 
contmuM boiling over a moderate fire is preferred On these grounds, it will 
be clear that a domeetio coke for use in India need not be of good (low ash) 
quahty and it may even with advantage contain qmte a hi^ percentage of ash. 

Domestic smokeless fuel should be not merely comparatively smokeless 
but also free from an undue amount of substances likely to produce objectionable 
fumes in burning Someindian cooking vessels are so constructed that the 
resulting from the combustaon of the fuel can gain direct access to the 
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food. It u obyiouB that there is a strong possibihty of certain constituents 
becoming ' fixed ’ m the food and impartmg to it an objectionable taste. 

It IS reassunng to be able to report, from the results of experiments earned 
out m the course of the mvestigations, that soft coke made with low sulphur 
Jhana coals (and nearly all Jhana coals have very httle sulphur) has been 
proved to impart no flavour to any food cooked by it , other mdigenous fuels 
have not all passed the test so satisfactorily. 




FUEL RESEARCH 


JBy N N Chatterjbb * 

Iti tracing the history regarding the discovery of coal in India we have to 
go back to 1774 during the time of Warren Hastings The Geological Survey of 
India was established some time later apparently with the object of developing 
the coal resources and other economic minerals The earhest reports of the 
Survey Department mostly dealt with the coalfields of the different parts of 
India With regard to the personnel of this department during those days it may 
be mentioned that there were officers with special qualifications in mining who 
were entrusted with the development of the coalfields f With the establishment 
of the Mmes Department in 1902 the Geological Survey Department discontmued 
to maintam the mining exports and to develop their laboratory for systematic 
fuel and economic nuneral research I may quote here the following lines 
from Holland’s declaration f m 1907 ‘Whether, therefore we like it or not, 
the official geologist in tlus country is bound by the terms of his appointment 
to remember that, either directly or mdireotly, his work should aim m the 
long run at development of our mineral resources * In my opmion however, 
the proper development of coal and other economic mmerals has not been 
maintained By proper development I would include not only the discovery of 
the mineral property but also the carrjnng out of systematic researches for 
finding out the various uses to which they may be efficiently put so that the 
producers and consumers as well as those interested in trade and commerce 
might be properly educated in this respect The people of this country have 
remained ignorant about the utility of these economic minerals for want of 
knowledge in industrial appUoation of them Even now we do not find the 
conditions very much changed or improved This lack of knowledge with 
regard to the proper utilisation of coal among the producers and consumers is 
due to the lack of senous attention to the problems of research both by the 
Government and the industry 

In the early days of the Geological Survey Department it will be found 
that the start was made m mamtainmg the mining experts If that beginning 
had received contmued nursing we would have possibly found today a well- 
organised fuel research station established m the laboratory of the Q.S.I 
side by si4e with the mineral research laboratory to help the mineral industry 
as well as m solvmg various problems The results of suoh investigations 
could have been broadcast in cheap pamphlets amongst the industry and the 
interested public, thereby educating them in the matter of mineral development 


* Deputment of Geology, Caloutta Uoivenity. 

t Bee Fox, 0. B.— Prendential Addrees to the Min. A QeoL Inst. (1986), pp. 27-29. 
VOL. VI— No. 8. [Published August 22nd, 1940. 
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and utihflation But from a careful study of the reports published by the 
G S I we find that no systematic resear^es on industrial lines have been 
carried out either on coal or on other economic mmerals In this connection 
reference may be made to the brisk activity of the U 8 Geological Survey and 
Bureau of Mines and the geological institutions of the U 8 S R who bnng out, 
year after year, much useful information with regard to their country’s economic 
mmerals and broadcast them in cheap pamphlets which have a very wide 
circulation reaching every corner of their country Similar steps should be 
taken by the India Government m publishmg useful information m cheap 
bulletins If the U 8 A and USSR can bnng out pubhcations at such a low 
cost there u no reason why the India Government should not be able to issue 
even cheaper publications when labour is so cheap in India The question is 
well worth mvestigating by the relevant authonties 

Though one hundred years have elapsed since the development of the 
Bengal coalfield, we are still debating the question of estabhshmg a fuel research 
station We do not yet know how long it will be before the actual foundation 
ot such a station takes place I hope by now that the Central and Provmcial 
Governments have realised the necessity of establishing research stations to 
study especially such a basic material as coal 

Something may be mentioned here about the improper and unscientific 
method of coal utilisation by the railways of India It is well known that 
on the recommendation of the Noyce Committee m 1925 the Indian Coal 
Grading Board was started In some measure at least, the gradmg of portions 
of seams is the cause of much of the waste that is going on If partial grading 
and working of seams is stopped it should conduce to the conservation of coal 
The ways in which the high class caking and chemical grade coals are used up 
by the railways arc well known and have already received much pubUcity. 
It IS not yet known what steps the Railway Board is going to take in the 
immediate future to give up this wasteful practice If they start to use low 
grade non-cakmg coals even now, the high grade caking coals and chemical 
grade coals will be saved for their legitimate use The low grade fuels could 
be utilised efficiently in the pulverised state and coal or coke would be made 
into gaseous fuel for steam generating purposes, etc. The railways should 
be able to modify the fire-place of locomotive boilers to use pulverised coal 
This step would lead to better utilisation of lower grade coals. Locomotives 
are already m use in other countries to bum pulverised coal. 

Intensive researches should be started to find out the possibihties of 
burmng different grades of coal in a powdered state, to convert low grade coals 
into gas at central gas-generating stations to supply gas to the different indus- 
tnes m the neighbouring places. Economic possibilities of starting carbonisa- 
tion plants should be carefully studied and if such a plant can be installed the 
recovery of oil and other valuable by-products could be made and the ideal 
smokeless patent fuel could be obtained. This semi-ooke wUl be far superior 
to the low grade soft coke that is produced and marketed nowadays. The 
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possibility of obtaining liquid fuel by hydrogenation of coal, etc. should also 
receive due consideration by such a Research Board It is also well worth 
investigation if gasification of coal underground as practised in Soviet Russia 
will be feasible and practicable m India The rich volatiles of the high class 
Baniganj coals should be utilised for the manufacture of chemicals and steps 
should be taken to prevent these coals from being used in locomotives and 
other steam-raismg plants when other grade coals will equally suit their 
purpose. 

The method of soft coke manufacture needs immediate improvement and 
it IS to be regretted that the Soft Coke Cess Committee has been unable to make 
any marked progress in this direction A simple method of heatmg in chamber 
ovens should be evolved with arrangements for the recovery of by-products 
Investigations m the economic possibility of starting such a plant should be 
taken up and, if necessary, small concerns should combme and amalgamate to 
install and work an economic unit plant to produce and supply semi-coke of 
uniform and better quahty The Fuel Research Board could well utilise the 
cess fund at the disposal of the Soft Coke Cess Committee and the surplus fund 
lying with the Coal Grading Board These are some of the ways m which 
•research work could be started for the gmdance and benefit of the coal con- 
sumers. Research work, if earned out in a well-organised way, would have 
brought about marked improvement m coal utilisation long ago and the 
things would not have remamed in such a helpless condition as we find them 
today It 18 a pity that the Government allowed this state of affairs to contmue 
for such a long time 

According to the recommendation of the Burrows Committee a separate 
fuel research station should be installed and that about half the cost should be 
obtained by levy of cess on the coal mdustry Now that the people of this 
country have begun to acquire the consciousness of proper mineral develop- 
ment and have awakened to the needs of industrial research and experiment 
stations to foster the basic industries in India, I think it will not be difficult 
for the Government to devise ways and means to establish a fuel research and 
mineral research station at an early date The entire cost of such an orgamsa- 
tion should be borne by the Government and it is not at all desirable that 
the coal industry sho uld be subjected to any farther taxation To have a 
separate institution with separate whole-time staff would be an ideal thing 
no doubt for the country if it can afford to have it But this involves a very 
big scheme which will take time to evolve and put mto effect. 

Until a well-organised, mdependent and separate fuel research station is 
estabhahed m India, I think that well*planned research work could be started 
without delay in the various lines of coal investigation in the existing institu- 
tions &r the immediate benefit and development of the country’s resources. 
To give initiation to such a programme of work, 1 would suggest that the 
India Government be moved by the coal industry so that the various tech n ic al 
and research departments under the control of the Central Government may 
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be asked to take up certain important and useful problems of coal research 
and that various other recognised laboratories in India may also be approached 
to undertake pieces of suitable work and oo-operation and co-ordination should 
be maintained by a central organising body This programme, if carefully 
worked out and followed by such an organising Board, will give an early return 
at a minimum cost About the India Government departments mention may 
be made of the Geological Survey of India, Industrial Research Department, 
the Alipur Test House, Indian School of Mines, Cawnpore Technological 
Institute, etc Of the pnvate bodies mention may be made of Messrs Tata 
& Co , Bird & Co , etc and of some of the well-equipped laboratones of Indian 
Universities If it is found that some of the Government departments have 
suitable workers and laboratory facilities, there should be no difficulty m 
persuading the Government to take an interest in the matter and to rentier help 
to the industry Moreover I believe that it is also the duty of the country’s 
Government to see that various technical departments under its control carry 
on researches into some important economic problems relatmg to different 
industries and that results of such investigations are made widely available to 
the people There should bo a central all-India body to control and supervise 
the work to be earned out in the different institutions and to co-ordinate the 
results obtained from these different sources Such a body may be styled as the 
National Research Council The National Institute of Sciences of India may 
be given the power to form expert committees in connection with vanous 
branches such as Fuel Research Board, A^culture Research Board, Chemical 
Industnes Research Board, Metallurgical Research Board, etc These boards 
will distnbute work among the different laboratones and supervise the work 
whenever necessary Salaried research assistants and scholars (both whole- 
time and part-time) may be appointed to work under the guidance of com- 
petent authorities Regardmg the equipment of the laboratones I would 
suggest that the laboratories themselves should give partial financial help in 
necessary equipment as this type of research when conducted in those labora- 
tones wiU matenally help the teachers and students alike In this way defimte 
and well-planned work may be immediately started through the co-operation 
of the different laboratones. In this connection reference may be made to the 
excellent work earned out by the vanous engineenng and experiment stations 
run by the Umted States Bureau of Mines in co-operation with some of the 
Umversities as well as with certain local industnes. In this way an immense 
amount of exceedingly useful work beneficial to industnes has been accom- 
plished m the U S.A. 

If this scheme is favoured, a conference of representatives of Government 
research departments and those of wilhng pnvate firms and Universities may 
be held when the distnbution and allocation of work m different lines of coal 
research may be discussed and arrangements made for meeting the expenditure 
in connection with the officers of the central board, laboratory equipment, 
research assistants, scholars, etc. 
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The scheme as outhned above in skeleton will require only a fraction of the 
heavy capital expenditure of establishing a separate and independent research 
station and this scheme can be made to work in a short time 

If the National Institute of Sciences of India is given the responsibihty 
and status of that of the National Research Council of other countnes I think 
it will prepare a scheme for work in the hnes suggested above in the best 
interests of the country and will surely prove itself worthy of its name. 

It should be mentioned here that simultaneously with the initiation of fuel 
research there should also be research on safety in muies, t e for the safety 
of labourers and for the safe and maximum extraction of coal It is time 
that India began to solve her problems m relation to the local conditions and 
needs instead of being idle or borrowing ideas from others There is talent 
enough in the country which could be employed to useful purposes. It is for 
the Government to organise the work and utilise this talent for the ultimate 
good ot the country. 




FUEL RESEARCH IN INDIA 


By C Foebbstbr, AHWG,FIC,PhD,FB8E, Fettow of the 
Inatttide of Fuel 

This IS a subject on which much has been wntten in recent years, even 
m India, and it is probably hardly necessary, except for the sake of ensuring 
a proper assessment of the position, to recapitulate the arguments that support 
the demand for research into the better utilisation of fuel, and particularly of 
coal Many scientists and practical mimng men also have m recent years 
stressed the importance of India following the example of almost all other 
civilised countries and establishing some sort of organisation for this purpose. 
Messrs W H Ptulhps (1911), E H Pascoe (1924), C 8 Fox (1924, and in 
many papers since), J Coggm Brown (1927), H K Sen (1927), J Thomas 
(1930), C H McCale (1930), N P Gandhi (1930), N N Chatterjee (193(1), 
D Penman (1932), the author and a host of other workers m this field have, 
in published papers and m official commumcations, fully expressed their views 
on this matter so fundamentally affecting the future prosperity of the mineral 
industry m general and the iron and steel industry m particular 

What IS more important is that so many other countries that have, till 
recently, regarded fuel research as something to be sponsored by wealthy 
(jlovernments only, have realised that research is the life<blood of modern 
industry Mention need be made only of the research work of the Canadian 
Bureau of Minos, of the New Zealand Bureau of Mmes, and the Fuel Research 
Institute of South Africa, as well as of similar organisations m China, Japan 
and the U S 8 R., to give point to the remark South Africa’s recent action 
in establishing a Fuel Research Institute by utilising the funds collected by the 
formerly-existing Coal Grading Board is peculiarly mteresting to us m India, 
especially as Africa’s coal problems so closely resemble ours, as do her financial 
problems 

Let us assume, then, that the establishment of properly organised fuel 
research must come in this country and examme the problems waiting for us 
to deal with. 

Much attention has been pubholy focussed on the pressing problem of 
conservation of our coal resources and the recently-issued Report of the Coal 
Mimng Committee has brought the whole subject to the front. In their 
recommendations the Committee have suggested the establishment of a 'Coal 
Research Board’ but have left its functioiis undefined 'Ck>al’ research may 
mean Safety in mmes research, which aids m effectmg oonservation, or fuel 
research which, by making utilisation more efficient, more directly aids in 
effecting oonservation. One of the problems that has been more stressed 
than any other m public discussions of this subject has, of course, been the 
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oungervation of the country’s reserves of coking coal The whole future of 
the industrial life of India is bound up with the future of these reserves and 
obviously it 18 only proper that we should do anything that can be done to 
reserve for their ‘proper’ use those coals at present used for other purposes 
than those for which they are best suited But there are many other problems, 
some of them equally important, others of apparently minor importance but 
none the less essential in the part that their investigation may yet play in 
the proper utilisation of India’s coals 

The following list is extracted from a Memorandum prepared in 1934 
by the author and submitted to the Government of India in support of a 
proposal to establish a Fuel Research Department in India — 

1. Systematic physical and chemical survey of the coals of the various 
coalfields in India with special reference to — 

(a) specific giavity os related to ash content, 

{b) proximate analysis (by proper standard methods), 

(c) coking power, 

(d) chenucal analysis of ash, 

(e) ultimate analysis, 

(/) fusibihty of ash and tendency to clinker, 

{g) separation of banded constituents and other rational 
analysis 

2 Nature and amount of volatile matter expelled from coals at various 
temperatures, with special reference to manufacture of good 
quahty soft coke for domestic purposes 

3. Laboratory- and medium-scale investigations on washability of 
second grade and low grade coals and of slack coal 

4 Visual investigation of nature and distribution of mineral matter in 
, coal by X-ray examination (This refers to incombustible 
mineral matter ) 

6 Large-scale briquetting testo, especially with a view to investigate 
the possibilities of bnquetting without the use of a bmder 

6 Investigation mto the causes of spontaneous combustion of coals 

in Indian coal mmes. 

7 Conversion of Indian coals mto oil. 

8 Extension of the use of Indian coals m gas producers 

9 Valuation of Indian coals with a view to encourage purchase and 

sale to specification and on analysis 

To the above may be added others to which reference is made below. 
The following comments upon the above are offered as a stimulus to dis- 
cussion on the question and with a view to elicit the opinions of others as to 
the relative importance of those vanous suggested lines of research and our 
ability to prosecute them m India m the most efficient manner possible. 
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1 Syatemattc survey of the coals of India 

This has, of oouise, been already done geologically and, by reference to 
existing analytical information, ohenucally but it has not been done systemati- 
cally in reference to sub-heads (a) to (g) The Department of Scientific 
and Industrial Research of Great Britain has for the past few years been 
engaged, through the Fuel Research Board and the associated umversities and 
colleges, on a wholesale surFey of this nature and already the results have 
proved to be of great practical value to industry Apart from the scientific 
value of such a comprehensive survey, the practical value of the knowledge 
gamed by accurate and standard methods of investigation cannot be over- 
rated, especially m these days when so much in India depends upon export 
trade Special reference might be made to the great interest recently taken, 
by overseas buyers of Indian coal, in the chemical composition of the ash and 
its fusibility, with reference to possible clinker trouble Tlie amount of 
information regarding fusibility is somewhat meagre and it is to be feared 
that much of the equipment available m the country for this work is not 
designed to give accurate information comparable with tliat supphed by 
standardised apparatus used, say m Britain or America As for the chemical 
composition of Indian ashes we are in almost as bad a position A few analyses 
of Indian coal ashes are quoted m the publications of the Geological Survey of 
India and special mention may perhaps be made of the most recent contnbu- 
tion by Mazumdar given before the last session of the Indian Science Congress 
and published m full in the August 1938 issue of ‘Fuel in Science and Practice’. 
The industry badly wants much more of this work to be done and a deter- 
mination of fusibihties of the same ashes, in both oxidising and reducing 
atmospheres is equally desirable 

A similar investigation mto the fusibihties of ashes of mixed coals is of 
equal importance owing to the failure on the part of both supphers and con- 
sumers to realise that nuxing coals entails grave nsk of clmker trouble due 
to the almost certain lower temperature of fusion of the mixed ash 

A branch of this work that is of great importance both from the purely 
academic point of view and for the purpose of classification and correlation of 
coals is 1(e), ultimate analysis Especially in respect of the determination of 
the amount of oxygen in Indian coals we are sadly deficient in mformation 
about their composition The determination of oxygen m a coal is an extremely 
difficult one that only most experienced fuel technologiats can with confidence 
undertake and bound up with it u the oar^iil analysis of the ash, with a view 
to develop a formula for Indian coals corresponding to Parr’s Formula, in order 
to oaloulate the amount of mineral matter in coals from a study of the amount, 
and ohemioal nature, of the ashes. The practical benefits of Seyler’s dasdoal 
work on olassifioation of ooals cannot beoome available to us in India until this 
work is undertakmi and carried to a successful conclusion. 
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2 VolattU matter and earboniaaiton ad dtffererU temperatures . 

On this important subject, also, little has been done The Indian Soft 
Coke Cess Committee has had some work done and a large senes of Jhana- 
Barakar coals has been investigated by the author with reference to distillation 
products obtamed at temperatures varying from 300® up to 960®C Some 
of these results have been utilised in aiding the further investigations, but 
none of them has yet been published in detail (a defect that it is hoped wiU 
be remedied shortly) Prof Roy, President of the Geology Section of the 
last session of the Indian Science Congress (Lahore, 1030), quotes the results 
of some similai distillation experiments carried out by workers at Calcutta 
Umversity Apart from these figures it is doubtful whether any systematic 
work has been done In those days when improvements in methods for 
manufacturing soft coke, and low temperature distillation processes, are much 
in the public eye, it is highly desirable that the work done so far should lie 
supplemented without delay 

3 Washabiltty of coala 

The only work known to have been done in India on this subject has been 
by (a) Randall in 1024, and (b) Forrester in 1036 The former was limited to 
a few experiments using a froth flotation experimental plant and without 
constructing fully informative washabihty curves, and the latter was confined 
to an examination of coals known already to be comparatively clean and free 
from stone bands, though complete washabihty curves were constructed from 
the laboratory work 

Although the latter dealt with Jhana coals (and that work has been 
published) and with a selection of Bamganj coals (the results of which have 
not yet been published) only the fringe of the subject has been touched An 
extensive washability survey of ron-of-mine coal and 'whole of the seam’ 
coal IS highly desirable The industry cannot at present be said to know 
what possibilities there are in the cleaning of coal in India 

4 X-ray vtauad examination of cofda 

This work is an adjunct of the preceding, » e washabihty, and need not 
be enlarged upon here except to explain that it ought not to be confused 
with the more academic matter of examination of the internal molecular or 
crystal structure by means of X-rays. 

6 Briquetting 

The importance and various aspects of bnquettmg have been dealt with 
by the author in a separate contnbution to the Symposium and will not be 
dealt with here. 

6. Causes of spontaneous combustion. 

This subject has engaged the serious attention of the Department of Mines 
for several years now and would m all probabihty be oonsideied to be within 
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thfi scope of a Safety m Mines Research Department, and the subject of safety 
in mines is dealt with in a separate contribution It is worth while pointing 
out, however, that the results of some of the work of a Fuel Research 
Department would undoubtedly tend to throw much light on this important 
problem, so vitally affecting the industry at the present time 

7 C(mver8%(m of coal vnto oil 

This 18 a subject on which information regarding Indian coals is 
undoubtedly required But the author is inclined to the view that work 
on this problem can very well be delayed until we have more information 
regarding the progress in other countries, as comparatively simple tests, 
indicating the ‘rank’ of the different coals, can give almost all the information 
wanted with reference to any particular coal A comprehensive laboratory 
study of a large range of coals with reference to this subject seems, to the 
author, scarcely to be justified at the present stage Other workers, however, 
may not bo in agreement with this view 

8 Use of coala \n gaa producera. 

It IS questionable whether any completely separate series of investigations 
into this subject is really necessary But information regarding Indian coals 
IS required to judge the smtability for their extended use in gas producers, and 
the mformation would be obtained from the results of 1(6), 1(e) and 1(/) 
above 

9 Purchaw and sale to apmficatton and on analyata 

This IS partly within the scope of the economist but the scientific 
investigator should interest himself in the devising of smtable practical formulae 
likely to be acceptable to vanous mdustnes with a view to extend the adoption 
of more rational methods of valuing coals. The author realises that the 
extended adoption of the specification system would ultimately tend to dispense 
with the present grading method but the mdustry Mrould benefit ultimately, 
and the cause of conservation would be immeasurably advanced 

One major {uoblem likely to be a frnitiul subject of research is that of 
blending of coala with a view to use a greater proportion of non-coking or 
weakly-coking coals for cokmg purposes, as well as to lessen the trouble some- 
times experienced with ooals of high swelling power that, on account of insuffi- 
cient subsequent contraction m the coking process, cause senons deformation 
and ramming trouble in coke ovens This is also a subject that could better 
be done in the country uid should be undertaken with httle delay 

FoU-acale experimental work has been earned out on this subject m India 
by Lathbury and Marshall in 1919 and by Lancaster and Marshall m 1927. 
In their experiments Lathbury and Marshall tried the effects of mixing different 
pn^rtions of good quality Qindih coking coal and a{>per Raniganj non- 



420 


0 FOBRKSTBB * FUBL BBSBABOH IK INDIA 


coking (or not good coking) coals, and Lancaster and Marshall included in the 
scope of their later work poor coking coals from the lower Ramganj measures 
as well as from the Bokaro and Karanpura fields [A full report of the results 
of both senes of experiments is given by Fox in Bee 0 81, LXT, 1928-29, 
294-314] 

The results of these expenments conclusively show that there is scope 
for further investigations, both in the laboratory (using the vaiious t 3 rpes of 
apparatus for testing swelling and contraction) and on a large scale by coke 
oven tests 

The foregoing remarka apply cktefly to research on the preparation and 
ulthsatxon of coal India possesses vast addttional sources of power, both actual 
and potential, foi example, wood and other vegetable substances and the various 
substances that can be obtained from them either by (bstillation or by fer- 
mentation Special reference may be made to the work of various investigators 
at the Indian Institute of Science m the direction of hydrolysis of waste 
carbohydrates such as nee straw by dilute sulphunc acid, followed by fermenta- 
tion of the sugar produced The treatment of other waste substances (including 
such pests as the water hyacinth) has also been suggested and much sporadic 
expenmental work has bron done There are m India countless hundreds of 
similar potential sources of alcohol that may yet be profitably investigated 

The author would also point to the great possibiUties of the more extensive 
use of wood and wood oharc<])al (especially the latter) as the source of producer 
gas for gas-dnven internal combastion engines, t e motor oars dnven without 
petrol The wood-gas motor car is now a practical proposition India, with 
the problems of vast distances and the accompanied problem of high railway 
freights, might well utilise her otherwise useless woods (» e. useless as timber) 
more efficiently as a souroe of fuel 

The spade work on hydrolysis and fermentation has already been done for us 
All that 18 required is to apply the well-known facts to the raw materials 
available. Here is another wide field of investigation for the research worker 

How, then, is this groat programme of research work to be accomplished ? 
The question has been asked over and over again, in public meetings, at 
annual dinners of scientific societies, m informal discussions among mining 
men and their more acadenucally scientific friends, and the answer seems 
never to be forthcoming The coal industry, when it has ^own signs of mterest 
in the subject, has mamtamed that it is the affair of Government Government, 
when challenged on the matter, have said that the industry should first make 
a move. The result is stalemate, except that mdividual workers, both among 
the important coal mimng compemies and among individual scientific workers 
in technical colleges and universities as well as, of course, the staff of the 
Geological Survey of India, have materially contributed to our knowledge of 
the composition and properties of our coals 

The trouble is that the work has not been carried out m a systematic 
manner. There has, naturally, been no systematic oomperation or planning m 
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the work so far, i.e co-operation between different workers and, as stated 
elsewhere ('Methods of Analysis of Coal in India’ in this SympoHum), much of 
the published work — perliaps as much as 90% of it — ^has been done by methods 
that render it almost certam that it will have to be done over again 

The remedy is, in the opinion of the author, either to establish a non- 
offioial all-India scheme of co-operation between fuel technologists and other 
workers in the field, with a voluntary (and voluntarily accepted) central 
distributing bureau for ro-ordinating the work of the vanous persons taking 
part in the scheme and for distributing systematically samples of the vanous 
coals that would be examined, so as to avoid overlapping and the loss of 
valuable relative information about the same coals from different sources , or 
to induce the Government of India to establish, as soon as funds permit, a 
central Fuel Research Station 

On the assumption that it would bo imssible, as it is found possible in 
Britain, to obtain the co-operation of workers in technical colleges and 
universities (as well as of trade organisations if formed) the second alternative 
appears to the author to be preferable 

The requirements of the industries likely to benefit from this work cannot 
be adequately met by the results of work earned out solelj in universities 
and colleges, the staffs of which have other onerous and distracting duties to 
perform If the work has to be of first-class quality and if much overlapping 
and unsystematic work has not to be undertaken, a full-time central controlling 
authority must ultimately be appointed The expense may m the beginning be 
just what wo care to limit it to, provided, of course, that a reasonable minimum 
IS conceded, and the work that can be undertaken would depend almost directly 
upon the amount of funds available 

The apparatus and equipment required for most ot the subjects suggested 
18 not unduly costly Much of it could bo maile immediately available from 
vanous sources until such time as the indications of the results likely to be 
achieved justified permanent establishment of the central station If a purely 
organising and administrative central authonty were established, seeking co- 
operation, and helping in the direction of the work, and of course, financing 
the pubhoation of the results, a total annual expenditure of under B8.ll!0,000 
per year would probably be ample If a centre were to be established in or 
near one of the coalfields for a central laboratory and library, still working in 
oo-operation with other laboratories throughout India by a distnbution of 
work in which different workers were interested, an imtial exjienditure of about 
Bs.26,000, with an annual recurring expenditure of about Rs 60,000, would 
be sufficient. When it is remembered that the magical figure of 'a lakh of 
rupees’ is merely about £8,000 the corresponding figure of over £80,000 spent 
by the British Government on the Fuel Research Board, as well as the large 
sums separately spent by various coal trade organisations on research work, 
make our present jffoposals acquire considerable merit on the grounds of 
modesty. 
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The viewB of the vanons universities, technical colleges, Government 
departments, and mdividual workers on the possibihties of co-operation 
might well be invited, m order to enable the Government of India to judge to 
what extent the institution of a central organisation would be feasible 

In the meantime the most urgent need, in the opmion of the author, is 
a rehable central research bureau, kept up to date by an efficient fuel techno- 
logist with the help of first-class clerical staff As the years go on the amount 
of valuable mformation that is accumulatmg is increasing and it is daily 
becommg more and more difficult to ensure that one has access to all the 
important literature on any one subject (This is a problem not exclusively 
that of the fuel technologist ) Such a central bureau can bo established 
at little expense But if it is established it must bo comprehensive and 
complete No half measures are worth the trouble expended on them. 
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By Cyeil S Fox, D 8c, M I Min E , Oeological Survey of India 

A complete research on all aspects of Indian coal would involve an immense 
task which would probably have to bo carried out mider three main divisions — 

(1) Dealing with geological occurrence of the coal and including a 

study of the coal seams and the chemical constitution of the 
coal, 

(2) Dealing with the mining of the coal, questions of heating, fire- 

fighting, dust explosions, {lacking and general (][ue8tiuns of 
drainage and ventilation , and 

(3) Dealing with tbe utilisation of the coal including problems of 

cleaning, coke makmg, pulverisation, gasification and hydrogena- 
tion as well as storage 

This would be impractical in India at present and several of the questions 
are not yet in need of immediate attention Of the 28 milhon tons of coal 
produced last year only a relatively small proportion is used as a raw material 
in gas works, preparing metallurgical coke and soft coke — ^possibly not 7 
million tons in all or 25 per cent as against the remaining 21 milhon tons which 
is used as fuel for steam raising, etc 

In my opmion an Indian Fuel Research Board while co-operating with 
existing organisations should concentrate on a few problems which when satis- 
factorily solved would provide data of commercial value To mention only one 
such problem I would refer to the large quantities of low-ash high-moisture coals 
which are liable to spontaneous combustion m storage or ships’ bunkers and 
are thus unexportable 

Returning again to the mam divisions of research and the possibilities of 
co-operation it can be said at once that the 

(1) geological questions can best be loft to the Geological Survey of 

India who have already surveyed most of the coalfields m this 
country but who do not possess the facilities nor the staff for 
makmg a chemical survey of the seams , 

(2) chemical study of the coal seams, bed by bed, traced throughout 

a coalfield is best earned out by the ohemioal departments of 
provmoial universities or schools of mines working m touch with 
the Qeologioal Survey and the Fuel Research Board 

Thus ohemioal study may mclude numerous questions. — 

(a) study peoulianties of different coal seams, as traced from 
locahty to locahty, 
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(6) assist m bringing the ohemioal and physical data into bne 
with the geological information, 

(c) investigate different methods of coal sampling in the mines, 

for boiler trials and for exjxirt, 

(d) suggest uses for coals whose peculiarities have been proved, 

(e) publish information on the analyses and studies which have 

been ma<lo 

(3) With regard to the purely mining problems such as ventilation, 

underground fires, coal duet, explosions, underground drainage, 
subsidence due to de*pillanng or collapse, etc it would seem 
liest to have these investigations made by committees appointed 
by the coal associations, mimng institutes and such bodies m 
close touch with colliery companies and the mines These are 
matters which get very close to the pockets of those engaged 
in winning and marketing coal and they would liave a oIoim 
personal interest in the investigations by establishing a colliery 
owners* research organisation. 

(4) Finally, there is the subject of the utilisation of coal and the various 

possibilities for cleaning coal, preparation of soft coke, improve- 
ments in hard coke manufacture, the recovery of gases and hqiiid 
fuels, the hydrogenation of tars, the testing of inventions or 
processes, investigation on pulvensed fuel firing, the slagging of 
coal ash, and related questions. There is bttle doubt that as these 
investigations are of direct practical value they should be con- 
ducted by the special staff of the Fuel Research Board itself 
absolutely independent of any other department, association or 
educational institution. The chief objective of this central 
section of the Fuel Research Board is to try out processes, make 
tests, prove equipment and generally function as an experimental 
institution to prove and draw attention to various ways of using 
coal more econonuoally, safely and profitably 



SAFETY IN MINES THROUGH EDUCATION 
By U K Nag, M I Mm E 

Coal Mining in India for oommeroial purposes dates back to 1774, but 
due to transport difficulties no serious attempt could be made till the opemng 
of the East Indian Railway as far as Ranigunj in 1855 

At the time, the output was mainly derived from open workings and 
the annual quantity was even less than 100,000 tons Attention to the safety 
of the workmen was unnecessary and was hardly thought of 

Proper measures for safety were officially mtroduoed by the Government of 
India in 1901 by the promul^tion of the Indian Mines Act including Rules 
and Relations based on the British Mines Regulations 

The mines were then shallow and the total annual output was 6 6 milhon 
tons Along with the gradual development of the industry and as necessity 
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arose, further legislation continued to be introduced and enforced and probably 
the lunit of legislation has now been reached 

It IS well known that Indian Mines, in which a number of thick seams 
occur m close proximity to one another, present enormous difficulties and 
the danger of mining increases considerably with the depth and mtensity of 
mechanisation 

The danger is all the greater during the de-piUarmg operations in ‘Bord 
and Pillar’ work — ^the common method practised in India — and it might be 
pomted out here that more than half of the present output is being obtamod 
from such de-pillaring work 

From calculations based on information collected from the Reports of the 
Chief Inspector of Mmos, as shown m the graph (Figure 1), we find that 
at all mines under the Indian Mines Act, the rate of sonous injuries, inclusive 
of the number ot hves lost per thousand persons employed, is gradually 
increasing Fven if we eliminate the figures of 1035 and 1036, which might 
be considered unusual, the position does not show an improvement 

It should, however, be mentioned here that the death rate per thousand 
persons employed m coal mines continues to bo satisfactory, the average being 
1 31 for the preceding 16 years up to 1037, os compared with I 06 of Great 
Bntain for the equivalent period ending 1036 

The classifioation given below affords us data for the examination of the 
causes of the fatal accidents taken over an average of the preceding 15 years. 


(a) Misadventure 

Per cent 

64-04 

(6) Fault of the deceased 

18 04 

(c) Fault of fellow workmen 

430 

(d) Fault of the subordinate officials 

7 36 

(e) Fault of the management 

5 62 

if) Faulty material 

0-74 


Figure 2 lUustrates the Indian position regarding the death rate 
per million tons raised at coal mines in comparison with that of Great Bntam 
It will be observed that this death rate in India is more than double that of 
Great Bntain and also that of Amenca where the rate is more or less equal to 
that of Great Bntain 

From a careful study of the above chart and the classification of the 
causes, we find that the death rate due to the fault of the deceased, fault of 
fellow workmen and misadventure and also the death rate per miUion tons of 
coal raised could be greatly unproved if the labour available for the mimng 
industry were of better quality. 

The position now is that everything has been done which is possible by 
legislation, through the best efforts of the Mines Department in co-operation 
with the management of mines. There seems to be hardly any room for 
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the introduction of any further regulations which mi^t improve matters in 
this direction. 

Smce the early years of the present century the Government of India 
bad under consideration the question of devismg moans of rodiicing large 
avoidable waste of coal, of improving the methods of extraction, and of 
affording greater protection to Me and property Tn 1910, this resulted in 
Mr Trehame Ree’s report on methods of mimng which was followed by the 
report of the Coal Fields Comnuttee of 1020 and lately the report of the Coal 
Mining Committee in 1037 

The mam recommendation m those reports relates to the filling of the 
voids made dunng the recovery of the coal by incombustible stowing material 
— commonly known as Sand Stowing 

This method, although expensive, if and when introduced, will undoubtedly 
go a great way to minimise the danger to life and property 

The Government of India have already started takmg action ui this 
respect, and I, therefore, at the moment, feel that there is no necessity to deal 
further with this aspect of the question. 

Now let us examine the type of labour we get m our coal mmes 
The Indian mining labour was pnmanly agricultunst who took to mmmg 
as a secondary occupation Comjiaratively highei earmngs have tempted some 
of them seriously to take up mmiug work as their profession, but still quite 
a large proportion of the labour periodically disappears from the mmes to 
return to their villages for the purpose of cultivation Practically the whole of 
such labour force is illiterate, ignorant, nort'ambitious and mefficiont and unable 
to realise the necessity of obeying or observing the Mining Regulations 

It IS our common experience to see them congregating below ground m 
dangerous places, often deranging ventilating arrangements, etc , neither do 
they consider it illegitimato to rub coal from the pillars or to enter prohibited 
or fenced off areas m order to get easy coal Their ignorance is sometimes 
colossal and the wnter has personal expenonoo of a miner piercing the top 
of his safety-lamp in order to improve the illumination. Fortunately in this 
case there was uo gas present, otherwise the result coidd better be guessed 
than imagmed 

The problem of labour in the coalfields, therefore, is a most difficult one, 
as the quahty is nowhere near the requirements of the industry The labour 
should be healthy, efficient, disoiplmed and trained with a sense of safety 
With such quahtiM, the output per man can be considerably mcreased, thus 
reducing the death rate to a mimmum m relation to the tonnage of production 
of the mmeral A good and efficient labourer not only improves his own 
wage-eanung capacity and status, but is also less of a danger to himself and to 
others, and is more of an asset to his employer 

The introduction of sand stowing, further safety legislation, the formation 
of resoue stations and brigades or the appomtment of safety officers, etc. 
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cannot, however, result m the maximum benefit, unless the workmen concerned 
are capable of understanding the dai^rs associated with modern mining and 
are made sufficiently alert and ahve to such dangers and know how to avoid 
or to combat them Mere legislation m the Statute Book cannot produce results 
unless the people concerned are educated enough to observe and benefit by it. 
It is, therefore, very necessary that urgent and immediate attention should be 
paid for their suitable education, which has so far been sadly neglected both 
by the owners and the Government, though much has already been and is 
being done to improve the housing, samtation, water •supply, medical help 
and general welfare of the labour 

Considerable attention has been j^iid in recent years to the education of 
the Supervisory Staff and of Mining Engineers The Indian School of Mines, 
the Frovinoial Evening Mimng Classes and the Benares Hmdu University 
are already supplying trained Surveyors and Mining Engineers The Provincial 
Governments and the State Railways have established classes at suitable 
centres in the coalfields for the training of Overmen, Sirdars and other super* 
visory staff There is thus fairly adequate provision for the management 
and supervision of mines but the same cannot be said m regard to the labour 
force 

The urgency of the question of the education of the labour force was felt 
long ago and although it was known to all of us that the accident rate amongst 
this class was highest, no senous attempt was made in this direction. Even 
this very important aspect escaped the attention of the Royal Comnussion 
on Labour who visited the coalfields in 1930. 

There are a few primary schools in the coalfields established by the 
Colliery Owners for 'the education of miners’ children But the number is 
far too inadequate to be of any use In 1930, the Bengal Rural Primary 
Education Bill was passed as Bengal Act Vll of 1930, under which Act a cess 
was to be levied on the Mines and Quarries for the introduction of primary 
education. In practice, however, nothing has been done 

Adult education, if anything, is m a stiQ worse state. The apjffozimate 
number of adult labour m coal mines is m the region of 180,000. The cost of 
educating them should not be prohibitive and the benefits derived will more 
than justify the expense. It is not suggested to give the adults fairly extensive 
primary education, but a start should be made in giving them the necessary 
safety education through films and lantern slides accompanied by lectures 
and demonstrations, etc , that is to say, by combining recreation with 
enlightenment, more or less on the same lines as was followed successfully 
in the United States of Amenca in educatamg the N^pro mining population. 

Regarding the labourers* children, compulsory elementary education, 
with syUabuses made to cover practical instruction in mining and its dangers, 
should immediately be introduced. The expense of such education should 
be shared by Coal Ownws and the Frovmcial Governments alike. 

9 
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Thfi above course is a suggestion for the consideration of all concerned and 
a proper committee should be immediately established to go into the question 
thoroughly and draw up a comprehensive and workable scheme 

It IS gratifying to mention here that the ministry of Bihar has recently 
taken up the question of adult education all over the province including the 
mining areas The District Officers and the Educational Authorities of the 
province have, it is learnt, enthusiastically taken up the work and Local 
Committees have been established to unpart elementary education to the 
adults withm these areas 

In the modern campaign for greater safety m coal mines as practised m 
other parts of the world, one of the principal items is education of mining 
labour In India this has been entirely lost sight of, and it is time wo devote 
serious attention to this problem I would, therefore, conclude by appeahng 
to the CoUiery Owners, Labour Organisations and Governments (both provincial 
and central) to give their immediate consideration to so important a matter 
and thereby help to increase the efficiency of the labour as well as reduce the 
accident rate m our mines. 



SAFETY IN COAL MINING 


By E B Park * 

General 

The first thought that ooours to one on reading the title of this paper 
IS that ‘Safety in Mines’ is only a relative term , there is not now safety m 
coal mining and there never has been , coal mimng has always been a dangerous 
occupation and in spite of the vast expenditure in brains and money on the 
subject of increasmg the safety m mines the dangers still remam, I think, as 
great as ever This is not because the brains and money spent on research 
have been wasted, but because as mimng proceeils to greater depths condi* 
tions of work become more difficult and dangerous, and also the trend of 
modem reqmrements for mtensive mining, with its concentration of men and 
machinery in small areas for large outputs, raises problems which were very 
much less noticeable under the more leisurely old-fashioned methods of working. 

Method of deeding vnth the subject 

The heading safety in mines embraces a great number of practical and 
scientific factors relating to vanous phases of the working of a colhery and I 
propose to discuss the matter briefly as it affects the different phases of the 
work 

Safety in shafts and on haulage roads. 

Accidents in shafts are, fortunately, extremely rare except m the case of 
the actual sinking of the shafts , I say fortunately because the thought of an 
accident m the middle of a deep shaft, m say England, where as many as 100 
men may be in the two shaft cages at one time, sunply appals the imagination 
The reason for this lack of accidents is that the only thmgs that can go wrong 
are the winding engine, windmg and guide ropes and accessones and the oagra 
themselves, all these are governed by very strict regulations as to length of life, 
inspections, etc , and as in addition everythmg is easily accessible for inspection 
there is consequently very httle tendency for the inspection to be neglected 

Accidents on haula^ roads, on the contrary, are distressing by their 
freq^noy, and in spite of the stringent regulations enacted m all countries a 
glance at the annual report of the Ckef Inspector of Mines of any country will 
show that accidents on haulage roads form a large proportion of the total 
number of accidents 

The reason for this is to my mmd two-fold firstly, the haulages are 
underground and very often stretch for long distances in>bye so that thorough 
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inspection of track, signalling apparatus, safety appbances, etc is a job which 
calls for extreme efficiency on the iiart of the subordinate staff concerned, 
secondly, it is the old tale of *famihanty breeds contempt’, the men working 
on the haulages are doing the same job day after day and unless the manage- 
ment are extremely strict in enforcing the rules relating to workmg of the 
haulages slackness sets in and the men start taking risks until an accident 
occurs 

Every minmg man knows the rules the apphcation of which will reduce 
his haulage accidents to a mmimum, but it may not be out of place here to 
jot down a few of the most important — 

Manholes must be provided as required by the Act, must be of proper 
size and kept clean 

No person must be allowed to travel or work on the haulage road while 
the rope is in motion unless specially authorised to do so 

No person must nde on any set of tubs unless specially authorised to 
do so 

The signalhng apparatus and the track must be kept in first class order 
throughout the length of the haulage road 

Stop blocks must be placed at the top of every brow or inohne and must 
be kept shut. 

On a main rope haulage from the dip a drag must be attached to each 
ascending set of tubs. 

On an endless haulage on a gradient automatic jack catches must be 
placed at intervals to prevent the tubs from runnmg back if they become 
detached from the rope 

Where men are working on a haulage road m the dip and the haulage is 
working above, good buffers, preferably m the shape of stout steel derrick props, 
must be provided. 

No men must be allowed to stand or sit on the junctions where side roads 
jom haulage roads 

Haulage engines, ropes, espies, tub links and tub drawbars must be 
examined regularly 

Aeetdente das tofaUa of roofa or atdea. 

This class of accident again is one which contributes a big percentage 
of the total number of accidents in mines and unfortunately it is extremely 
difficult, if not impossible, even to form rules which will eliminate it. 

The danger from feJls of roof and side u one which is inherent m mining 
and it IB really only the practical mining knowledge of the average workmen 
m the mine which can keep it at l»y: when a man has worked down a mine 
for several years he develops a sixth sense which tells him uken a place is 
safe and when it is not, if he does not devetop this sense he is booked for the 
oasuahty list, it is a r^lt of hard piactioal expenenoe and no amount of book 
learning will give it to a man although it is true of course that a man with his 
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brains sharpened by a good education will pick it up more quickly than one 
who has not been so fortunate. 

As with haulage accidents, so with falls of roof and sides, it is often oyer- 
confidence or slackness on the part of the men concerned that causes an 
accident They know that, for example, another prop should be set before 
they cut any more coal but perhaps they only need a few more ba^etfiils to 
complete a tub, they nsk it and take the consequences 

The only safeguard against accident of this type is a very strict insistence 
on safe timbermg and work m general by the management and subordmate 
officials so that a roan knows that if he dehberately runs a nsk he not only 
risks his life, but, if he gets away with it, he will stiU be in trouble with the 
management 

It IS only fair however also to show the other side of the picture which 
IS that in many cases, especially in de-piUanng work m this country m thick 
seams of 20'-0' or more thickness, the conditions of work are definitely 
dangerous and it is a wonder to many of us who have to supervise the work 
under these conditions that accidents are not more numerous than they are ; 
it says a lot for the skill of the average miner at his own particular job 

Accidents from sha-finng 

The rules laid down by the Mines Act and Regulations m this country, and 
m most other countries as well, with regard to shot-finng in mines are very 
Btnct and it is largely owing to these rules that the accidents directly attribut- 
able to shot-finng are not actually very numerous, there is alwaj^ a grave 
potential danger from men overchai^ing shot holes, finng shots without 
warning other workmen m the vicimty that they are gomg to do so, or finng 
shots when there is any CH4 present m the neighbourhood of the place where 
the shot IS to be firod, but all these cases are clearly covered by the regulations 
under the Mmes Act and these regulations are stnctly enforced m any 
well-managed colliery. 

The greatest danger from shot-finng undoubtedly is the ignition of gas 
or coal dust which may lead to an explosion, but the compulsory use of 
‘Permitted’ explosives in gassy mines and the compulsory use of inert stone- 
dust have reduced these dangers to a minimum 

Another cause of danger from shot-finng is the mis-fired shot, the fuse 
of a shot IS igmted or the electneal exploder is worked and the shot does 
not explode and there is a dangerous tendency for the man concerned just 
to wait about a minute and then go in and see why nothing has happened, 
as it is not an infrequent ooourrenoe for the explosive to have a delayed action 
for some reason or other anyone doing this is running a very grave risk, and 
the Minpg Act lays down that if a shot is mis-fired the place most be fenced 
off by an official and no one may go near for at least an hour, and then they 
may not try to examme the shpt-hole or pull out the explosive but must bore 
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another hole, fire it and then search for the unexploded charge which must 
be accounted for 

If the regulations are adhered to m these cases there is very httle danger 
AcadaUs dtie to maehtnery 

Accidents due to this cause in mines may be either on the surface or 
underground, on the surface they are of course no more likely to occur than 
m any workshop or factory, but underground there is the added difficulty that 
the lightmg, even under the best conditions, is inferior to that on the surface, 
and m order to keep these accidents to a minimum it is absolutely essential 
that all underground machinery shall be really well fenced off and that no 
person shall be allowed to go inside the fencmg while the machinery is in 
motion ; another pomt which only applies to this country, but which is definitely 
most important, is that all machmery attendants and fitters must wear some 
kmd of shorts and not dhoties which are extremely dangerous articles of apparel 
when there is moving machmery about 

Accidenta due to 00% and CO gas 

These e^icidents are not common, but they do occur and they are usually 
due to Ignorance on the part of the men concerned, or slackness on the part 
of the supervising staff. 

It is of course essential that the officials of the mme shall be able to detect 
these two gases and if they find any of either gas the place must be fenced 
off, CO 18 only found when there is heating and as it is mvanably accompamed 
by the charaoteristio gob stink the danger should be spotted and tackled 
at once if the officials are alert, if anyone gets gassed by CO when actually 
dealing with a fire or heating that is a mining risk which has to be taken, 
but even then it should not prove fatal as everyone knows that the nsk is 
there and if small birds are kept on the job, as the law demands that they shall 
be, they will be the first to suffer and the men can be withdrawn before they 
are seriously affected 

The danger fix>m CO^ is rather more insidious as this gas has no smell 
and hes m any old unventilated workings of a mine, it should of course be 
found by the supervising staff on their inspections, but cases arise where 
men go mto old workings for some reason without thinkmg of the danger 
and are overcome. 

Aeeidenta due to firea, ignihona and exploa%ona 

The above subject has been dealt with m detail m my paper 'Fires 
and igmtions m mmes’ which is before this meeting, so I do not propose to 
deal with it any further except to remark that while accidents under these 
headings are the most arresting and startling they actually do not account for 
as many fatalities m a normal year as do falls of roof and side or haulage 
accidents. 
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Means of %nereas%ng (he safety tn mines 

The two most important factors bearing on the safety problem are research 
and education , a tremendous amount of research has been done in England 
by the Safety in Mmes Research Board, and m other countnes by similar 
bodies, and the industry is benefiting greatly by their labours, explosives, 
method of dealing with coal dust, heatings, haulage safety appliances and 
safety clothmg are all subjects on which valuable work has been done and 
extremely valuable information obtamed. 

Education is another extremely important factor m safety m mmes 
and one that is rightly receiving mcreasing attention m this country, for 
example, shot-firers are now being trained up to pass an examination qualifying 
them for their position , there is no doubt that if one can get the officials and 
workmen to appreciate more vividly the dangers inherent m the work of coal 
mming the accident rate will decrease. 




PACKING WITH INCOMBUSTIBLE MATERIAL IN COAL MINES. 


By L J Babeaolough,* M 8c, Ml M%n E. 

1. ffutoricai. 

The winning of underground coal seams is conducted by two mam systems 
of working (a) Bord and Pillar, and (6) Longwall 

The Bord and Pillar system has other names such as Boom and Pillar, 
Stoop and Boom, Pillar and Stall, etc — all of which indicate the general idea 
of comparatively narrow dnvages or gallenes which block out the coal area 
mto Pillars or Stoops which may be extracted subsequent to the driving of 
the gallenes 

In the early days of English minmg the pillars were left standing with a 
view to preventing accidents from falls of ground, economising m timber 
supports, and preventing surface subsidence, and under present-day conditions 
m the USA, India and South Afhca these considerations still apply, with 
resultant loss of the valuable coal pillars 

The Longwall system of workup has now replaced the Bord and Pillar 
system m Enghsh and Continental mines, m this method of work the whole 
of the coal seam is worked by long faces, the strata above the seam being 
supported temporarily by props and permanently by packs The roadways 
servmg these long faces are formed out m the packed areas as the face advances, 
the roof or floor m these roadways being 'npped’ or excavated to give the 
necessary hei^t and width for the workmg of tubs or conveyors and the 
passage of the ventilating air current 

The success of the Longwall system of workmg largely depends on the 
efficiency of the packing or stowing of the excavated areas As the coal is 
extracted the immediate strata converge, tending to close the excavation, 
if this convergence of the roof and floor becomes excessive accidents &om falls 
of ground frequently occur, the coal is worked with difficulty, roadways cannot 
be mamtamed and there is a danger of large bodies of inflammable gas being 
emitted «.nd fouling the ventilation currents Of such importance is ‘Boof 
Control’ or ’Strata Control’ m Longwall mining that m 1929 the Safety m 
Mines Research Board appomted a highly quahfled Chief Mining Engineer 
n- nd a staff of n oalflftld engineers to study the problems of packing and strata 
control, the various reports issued by the Safety m Mines Research Board on 
the subject afford very valuable information to the mining engineer. 

In India the subject of stowing has been promment before the minmg 
profession of recent years and the Coal Minmg Committee in its report of 1937* 

dealt with many aspects of the problem 

* Metun. Andrew Tula A Go., Ltd. 
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2 Objeete of Paching 

It IS generally agreed that efficient stowing of areas from which coal has 
been worked gives the following advantages — 

(1) The filling of the wastes or goaves prevents accumulations of 

inflammable gas and eliminates ‘weights’ and large collapses of 
roof which might expel large volumes of gas into the working 
areas with consequent morease m the risk of explosion 

(2) Spontaneous heatmg of coal or carbonaceous matter in goaves 

(gob fires) is ehminated 

(3) No pillars of coal need be left to support the surface and coal may 

be worked under the sea or riverbeds and under occupied areas 
or industrial works 

(4) The ventilation of the workings is improved 

(5) The maintenance of the strata m an unbroken condition reduces the 

nsk of the miner bemg killed or mjured by falls of ground 

(6) With intensive support intensive methods of working can be adopted, 

the number of roadways and haulages can be reduced, mcrecwed 
efficiency and economy result and supervision can be more 
effective due to the reduction m the area of workings to be 
inspected 

3 Methods of Stomng. 

There are four mam methods of packing (o) Hand Faokmg, (6) Hydrauho 
Stowing, (e) Pneumatic Stowing, and (d) Meohamoal Paokmg 

(a) Hand Paclnng may be done. — 

(1) with imported materials alone; 

(2) with materials obtained from rippmgs of dummy or mam roads 

(brushmgs) or back nppmgs, with material obtained firom 
controlled falls m the goaf, with materials rejected %n stiu whilst 
workmg the seam, with chocks or cogs; 

(3) with a combination of materials obtained under (1) and (2). 

System (1) is rarely practised in British or Continental mining as the 
seams are thm (generally below 6' thick) and the roof or floor strata have to 
be npped to make and maintam roadways of adequate dimensions. System 
(2) is the common practice, stnp or partial paokmg bemg employed to give 
controlled convergence of roof and floor. In oertam seams notably in S. Wales, 
material is imported to supplement matenals obtamed under system (2). 
In Germany, where the Mines Police at one time insuted on solid packing, 
there has been a notable change over to partial or strip packing. 

Where the materials are weak, i e., where good stones for building the 
pack walls cannot be obtamed, the pack walls are sometimes built of bi^ 
filled with small debns or the packs may be reinforced by wire mesh, or by 
wooden cOgs. 
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Coat of Hand Packing — ^With materials readily available close to the site 
of the pack being built, t e , withm 6' to 8', a good workman (m England) can 
well pack 200 cu ft per 7-hour workmg shift At a wage of 8 shillings per 
day this constitutes a charge of over Is per ton of coal won, if solid packmg 
18 done If materials have to be imported the cost is increased by approxi- 
mately 60% With partial or strip packmg, m which material is obtamed 
from dummy road rippmgs or controlled goaf falls, the cost of packing vanes 
according to the percentage area paokeil but generally in seams of moderate 
thickness with shale roofs is 9d per ton , in exceptional cases, « e , a thin seam 3' 
thick with strong sandstone roof with 4-yard gob packs and 16-yard wide 
gobs, the cost was from 4d to 5d for packing, excluding packs bmlt by mam 
road rippers 

The cost of solid packing by bags is excessive , a bag 32* X 14* wide, costing 
approximately 2d , gives when filled a builder 30* long by 12* wide by 6* deep 
The cost of bags alone approximates to 4 shillings per ton In practice bags 
are used only as pack walls which confine hand-packed small debns and even 
then the cost of bags is high 

Inmitattona of Hand Packing — ^In seams over 6' high good hand packing 
is rarely practicable In thick seams the cost of stowing mcreases rapidly 
for each foot of height over 6' 

Hand Packing in India — Materials for packmg are rarely available 
underground as nppmgs are not taken and the scams are fairly clean The 
labour force underground is composed of men small m stature and in the 
mam unaccustomed to shovelling A rough estimate of the cost of hand 
packmg m India, in a seam 12' to 16' thick, of which 25% has been taken m 
first workmgs, is 12 to 16 annas per ton plus capital charges and the under- 
ground labour force m a name turmng 1,000 tons per day would have to be 
augmented by from 760 to 1,000 extra underground workers 

In our present Indian mines the tramming grades would prove a great 
obstacle to takmg materials for packmg into workmg faces and it appears 
obvious that hand packing on a large scale in thick seams is impracticable in 
this country 

In thm seams 6' thick or under, partial packmg and controlled convergence 
may be accomplished by dummy road rippmgs or controlled goaf falls at a 
cost of 6 to 8 annas per ton of coal m virgin workmgs Such seams are rarely 
worked, and the labour personnel is unsuited to such work as yet. 

(6) Pncumaiic Stowage — Pneumatic stowage is a system whereby stowmg 
material is conveyed through pipes by compressed air and delivered with some 
force to the place being pai^^. The material has to be graded and the 
length of pipes, and curves m them, limited 

In Great Britam the system was tried at a colhery near Manchester and 
was abandoned , and it is now in use at a colliery m Eifeshire 

In filermany various pneumatic stowage maohmes of the Torkret, Miag 
Konig and Biem types are being used, whilst at a colliery m Rumania 
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expeninents are being oonduoted m blowing material from the surface vta 
pipes to the underground workings 

At a Buhr Colliery visited by the writer a Biem machine was stowing 
200 tons per day Dirt up to 3' mesh was taken m tubs m the upper level, 
tipped by a side tippler on to a short belt conveyor which dehvered the material 
to the stowing machme. The material was fed through the machme into 6' 
pipes, maximum length 300 yards, air pressure 56 lbs per sq mch, on to the 
face With the special layout the number of men required per shift for 
stowing 200 tons maximum was 17 Compressed air consumption was heavy 
and cost of pijie renewals and bratticing hkewise 

At a Scottish Colliery working a thick seam a pneumatic stowage 
installation is workmg and the following notes apply to it. 

Wet sand was not dehvered satisfactorily but dry sand proved suitable 
except that it was not jammed tight against the roof, and a considerable 
quantity of sand was blown on to the working face by the compressed air jet 
The maximum capacity was about 26 cu yds per hour and air consumption 
2,600 cu ft per nunute , some sparks were given off at the dehvery end but it 
was stated these would not igmte gas It is to be noted, however, that 
Audebost and Delmus in France must have had some grave doubts as to the 
danger from sparks from pneumatic stowmg apparatus when they suggested 
that pneumatic stowage should be prohibited and 2 explosions, one in Lancashire 
and one m France, are attnbuted to such sparks In gassy mmes, therefore, 
the introduction of pneumatic stowage has to be viewed with suspicion. 

Summary — ^Pneumatic stowage does not appear suitable for general Indian 
mining conditions owmg to — _ 

(o) High cost of compressed air 
(6) High initial outlay 

(e) Difficulties in adapting existing layouts for transport of material to 
site 

(d) In gassy seams the possibihty of gas ignition by sparks 

(e) High cost per ton of material stowed. 

In certain special oases it may be apphoable, however 
(c) Mechanical Stowing is still in an experimental stage but at the 
Bheinpreusen Colliery, Ruhr Coalfield, turning out 3,000 tons per day, it has 
replao^ hydrauhe, pneumatic, and hand stowage 

In this system the material is dehvered at the tail end of a face belt 
conveyor and is automatically dumped off the belt at any predetermined 
place on the face on to a high speed throwing belt which delivers the material 
to the goaf Wet material can be handled up to 3' cube in size The machine 
can be electrically driven and has dehvered 70 tons per hour. At Bhempreusen 
Colhery the cost of dtowing 100% solid with this system, including power, 
depreciation on machine (26% per annum), replacement of stowing belt (every 
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40 days or 16,000 tons), all underground labour for debvery material and 
stores was given as 0*4 marks per ton of coal (approximately 6 annas). 

It appears the meohanioal throwing belt has a future m this country m 
virgm areas where an intensive mimng system can be laid out to suit it but 
it is not entirely suitable for oolhenra alr^y laid out 

Hydraulte Stowage — ^The objections to, and difficulties attendant on, 
hydraulic stowage in Bntish and Continental mmos are well understood and 
except in Silesia and the Myslowitz mine it has tended to be replaced by hand, 
pneumatic and meohamcal stowing 

The main difficulties attending hydraulic stowage are* — 

(1) The effects of water on weak floors and roofs, rapid floor heaving 

and deterioration of weak roofs rendered it unworkable m 
many cases 

(2) Difficulties in supplying suitable stowing material Washed sand, 

which permits of ready drainage of clear water, is the ideal flller 
for this system 

(3) In thm seams, » e , under 4' thick, with weak roofs, there is difficulty 

in packing close to the face, only small quantities can be packed 
per operation and there may bo admixture of stowmg material 
with the coal being wrought 

These difficulties are not of grave import m India The roofs and floors 
of the seams are strong and are little affected by water, m many oases there 
are ample supphes of clean nver sand which can be dohvered fairly cheaply 
at the pit head; and in thick seams it is possible to flush continuously up to 
4,000 tons of sand in one place 

The cost of hydrauhcally stowing sand underground consists principally of 

(а) cost of supplymg sand to the pit head, 

(б) renewal of pipes, 

(o) pumping stowage water from the workmgs to the surface, 

(d) barricade material to hold the stowage m place, 

(e) labour for attending to pipes, flusher, pumps, etc 

As may be judged from a consideration of the above factors the cost of 
hydrauhc stowing vary at each pit where it is practised One of the 
most important items, however, is the cost of dehvermg sand to the pit head, 
and in those oases where sand or other material is not available on or near site 
the cost of transportmg the stowing material may be heavy. 

4. Beoearch Work on Packing. 

The programme of researches carried out by the Safety in limes Besearoh 
Board may briefly be cl assifled as— 

(a) The phydoal properties of coal measure strata. 

(h) Laboratory experiments to determine the resistanoes developed by 
paeks, cogs and bag supports. 
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(c) Undergroxmd investigations The effects of depth, nature of 
material, thickness of seam, quality and extent of packmg, rate of 
face advance, depth of undercut, hne of face, width of working, 
the working of sub-jacent or super-jacent seams, inchnation of 
seams, etc Associated with researches on packing are the 
studies coimected with the resistances developed by face supports, 
the causes of weights, strata movements ahead of and behmd 
Longwall faces and the development of suitable convergence 
recorders and dynamometers to measure height reduction and the 
resistances developed by various types of supports 
The results of some of the investigations on hand packing are summarised 
below — 

(1) Packs built close to the fate and rammed tight to the roof, with 

intermediate crosswalls and face walls, gave the best results 

(2) Packs should bo built before cutting of the face is commenced 

(3) Even in very well-built pac^ built by hand the percentage of voids 

was from 36 to 40 

(4) The quahty of the packmg is all-important and well-built packs, 

though of limited dimensions, provided more efficient roof control 
than contmuous poorly built packmg, t e , well-built strip packs 
are preferable to poor quality sohd stowing 

(6) The rate of convergence associated with well-built packs was less 
than per foot of face advance, whether the face advanced 
quickly or slowly. Roof conditions are better on a slowly 
advancing well-packed face than on a quickly advancmg badly 
packed face but where the packmg was of equal quality the 
qmckly advancmg faces gave better conditions than the slowly 
advancing faces. 

(6) Packs built of hard slabby sandstones developed greater resistances 

m the early stages of compression than packs built of rounded 
stones or of softer materials 

(7) Cogs built of round timber and well filled with stone developed up 

to 6 tunes the resistance of an unfilled similar cog for the same 
extent of compression. An unfilled cog of round timber is of 
little value as a roof support 

(8) ‘Weights*, phenomena characterised by a large mcrease in the 

convergence/advance ratio and often accompanied by widespread 
collapses of roof and emissions of gas, were the results of poor 
quality packmg, m certam oases where the quality of the packing 
was unproved * weights’ were eliminated. 

(9) 'Bumps’ are often associated with a lateral movement of the roof 

or floor m advance of the face by which stress is reheved but the 
inward movement of roof and floor was small. 



XATBBIAL m COAL MDTBS 


443 


There is not sufficient space in a short article to describe all the results 
so far obtained but some of the mam features established by researches on 
packing are given above 

6. DifficvUtes assoeiaUd wUh Siowtng. 

At British and Continental mines stowing has been practised for several 
decades and systems of working have been evolved to obtam the full benefits 
for the expenses incurred in stowmg As an example a case may be cited of 
a seam 7' thick being worked on the Longwall system by conveyors and coal 
cutters; a double umt Longwall face 240 yards long is advanced 6' per day 
and 860 tons of coal are loaded in 6 hours at one loadmg point The mechanisa- 
tion of the coal winning operations, the high output per man, the concentrated 
work resultmg m few roadways to bo maintamed and efficient supervision and 
a high degree of safety, combined with a low cost per ton, are dependent entirely 
on the efficient system of stowing, or roof control which is adopted In this 
case, although the cost of stowing is a high proportion of the total cost per 
ton of ooal won, the advantages gamed more than outweigh the disadvantages 

In Indian mines many of which are now fully developed for pillar extraction 
the mmes were laid out and development proceeded before the necessity for 
stowing was obvious, and m these mmes the full benefits of stowmg, apart 
firom conservation of ooal and moreased safety, cannot be realised In new 
mines it may be possible to plan the workings so that some of the expense of 
stowing may be recovered by reducing other costs 

As seams m India are generally thick, it is not practicable to np the roof 
or the floor to provide stowing materials, hence material for packing will have 
to be derived from the surface. Some colhenes at which sand or other material 
can be excavated and transported olmaply to the pit head can obtain their 
material for stowing much more cheaply than other colUeries, where the 
transport of the material may be so costly as to render the cost of stowmg 
prohibitive, unless some assistance is rendered 

The method of stowing adopted depends on the conditions associated with 
each mine; no hard and fast rule can be laid down as to the best system of 
stowing. For Tndiftn conditions m general, however, the system of hydraulic 
stowage appears the most suitable but there may be conditions where hand, 
pneumatic or mechanical stowage might be more cheaply applied. 

0 . OonehuioH. 

Sfficient packing, whether solid or partial, ensures the extraction of the 
waTimiifn quantity of coal with the greatest degree of safety and accordingly 
is to be recommended. Many difficulties have to be overcome, and much 
pioneering work done, before the system can be applied generally to Indian 
conditions but recent legislation should greatly facilitate the extension of 
■towing systems. 




SOME PHYSICAL CONDITIONS WHICH AFFECT SPONTANEOUS 
HEATING IN COAL MINES 

By W Kibby, B 8c , MI Mm E , Chief Inspector of Mmes m India 

Spontaneous heating in coal mines is of great importance on account of 
the considerable losses of coal involved in the resulting fires and the dangers 
incurred in deahng with those fires 

The causes of spontaneous heating may be considered under two 
headings — (a) Physical, and (6) Chemical With the limited space at my 
disposal I propose to discuss the most important physical conditions in mines 
which are conducive to initiating spontaneous heating and which will be of 
more interest to the minmg engineer than the chemical aspect of the subject 

The physical conditions which influence spontaneous heating in coal seams 
nught be classified as follows — 

(1) The thickness of the coal seams 

(2) Nature of the coals, geological conditions and the crushing of pillars. 

(3) The nature of adjoimng strata 

(4) Depth of the coal seams 

1 The thickness of the coal seams. 

The thicker the seams the more difficult it becomes to extract all the coal, 
and some small coal is generally lost in the goavos, due to ‘weight’ oommg on 
the small pillars or ‘stooks’, necessitatmg the leaving of coal in the goaves 
This coal becomes crushed and is one of the pnmary causes of the spontaneous 
heating Agam, the cleavage planes m thick seams are usually very pronounced 
and may lead to detenoration of the pillars in the ‘first working’ particularly 
where the galleries have been dnven to the full height in thick seams There 
are sometimes soft bands in coal seams, e g , No 16 seam m the Jhana coal- 
field, which detenorate and are likely to create conditions conducive to 
spontaneous heating, because of the gradual weakenmg of the pillars which 
may result m collapses and the production of small coal and other conditions 
likely to promote heatmg 

2 Nature of the coals, geological conditions and the crushing of pillars. 

The nature of the coals and the geological conditions play an important 
part m the stability of pillars 

The fnabihty of coals vanes considerably throughout the Jhana coalfield. 
In the eastern portion of the field there is a soft band, 2'-4' thick, in the middle 
of 16 seam, which crumbles up in the hand, and the cleavage of the coal is 
also very pronounced These conditions enoom'age deterioration of pillars 
In the south-east part of the Jhana coalfield there is a 4'-6’ section of very 
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fnable coal, about 12 feet from the roof and in addition the seam is traversed 
with shokensides, and these factors have an important bearing on the liabihty 
of the coal to crush and form small coal In the year 1932, I read a paper 
before the National Association of Colhery Managers (Indian Branch) entitled 
‘The Causes of Spontaneous Combustion underground in mmos in the Jhana 
Ckialfield together with a consideration of some preventive measures’, m which 
I referred to an explanatory note on a geological section and the geological 
conditions in this part of the coalfield by l)r Fox, and I cannot do better than 
quote this note in full and give the section (Figure 1) 

Dr Fox states — 

‘The section is drawn to the scale of 4 inches to one mile, both vertically and 
horizontally, on the lino, roughly of longitude 86° 26', across sheet No 8 of the Geological 
Map of the Jhana Coalfiold The northern part of this section was dealt with m a special 
excursion of the Mimng and Geological Institute of India on the 10th February, 1030 
The intention of that excursion was to show that the gneisses of Pathardih were not the 
robes of an ancient ndge on which the Ckml Measure sediments were laid down And it 
was proved on the ground that the coal bearing strata on each side of this Pathardih 
hurst had not been let down by simple faultmg The evidence was clear that shearing 
had occurred along tho line of the gneiss-coal measure boimdary, as though the gneisses 
had been driven westwards into the sedimentary rocks, or that the coal beanng strata 
had been thrust against tho gneisses from the west (See Tranacu^tons, Mmtng and 
Qeologuial InatUute — Volume XXV, pages 176-179, 1931, and the Map of the Bhulanbarari 
area given with it ) 

‘With regard to the area south of the Pathardih horst tho outcrops of tho seams do 
not show the same spectacular sweep as they approach tho gneisses In fact, at first 
sight there is apparently strict parallelism between the outcrops and the boundary, such 
as would be expected with beds gently dipping away from the rooks on which they rest 
undisturbed The first irregularity, however, becomes evident in tracing the outcrops 
of No X and No XI/XU seams from west of Sawardih to Chasnala They converge east- 
ward, and so does the outcrop of No XIV seam with respect to that of No X seam 
There is httle evidence of faulting between Examined closely it u found that faults 
must exist between each of the seams named — ^between X and XI-XIl near Chasnala, 
and between XIV and XI/XII south of Sawardih When the thickness of tho bods and 
the dips of the strata are carefully drawn m section it is discovered that there are ine- 
gulanties between XV seam and XVIU seam m the Sudamdih tract. And the mapping 
has shown unusual seams and beds above XVIII seam m the area south-east of Sitaiuda 

‘The explanation of these features is difficult but the clues are to be seen m the banks 
of the Damodar nver south of Tasra (23° 38', 86° 28') and also north-east of Bhojudih 
railway station In each case the strata are found stnking almost at ri|^t angles to the 
direction of their outcrops at Sudamdih and Chasnala. The dips mcrease steadily from 
Pathardih to the south bank of the Damodar by the railway bridge, but at no place are 
the dips as steep as those seen south of Tasra. And just east of Bhojudih the dips are 
not only up to 80**, but the strike has swung round so as to give definition to a de^ trough 
to the west under Bhojudih and onward. Crushed coal in a seam on the banks of the 
Ijn frirther confirms the synclinal stmotuie west of Bhojudih. All these evidsnoes axe 
depicted m Sheet No 8 of the Qeologioal Map of the Jharia Coalfield. And there can 
be no question that the evidence as a whole confirms a westward fbroing in of the gnel—M 
or an eastward thrust of the Qondwana strata. 

‘On pages 87-88 add 161-162 of the memoir <m the geology of the Jharia coalfield 
{Memotr, Cfeotogieed Survey, India, LVI, 1980), questions of shearing along the bedding 

lOB 



SECTION PALKIRI AND SUDAMDIH TO BHULANBARAREE 


▲STBOT STONTANBOrrS HBATINQ IN OOAl. MINBS 


447 



448 


W KIBBY SOME PHYSICAL CONDITIONS WHICH 


of the strata are considered The question to be decided is along which of the beds — 
sandstones, shales or coal seams — ^is shdmg hkeljr to occur The general opinion firom 
experience is that the plane between a thick swdstone and a bed of shale is most likely 
to function as a gliding or shear zone In this case the strata themselvos will not be 
greatly affected if the foldmg or shdmg is not excessive On the other hand there is little 
doubt that if a coal seam becomes mvolved m a shear zone the coal will be senously affected 
by almost the smallest movements The result will be that any cohesion or strength of the 
coal will be greatly reduced and it is doubtful if any reliabihty can be placed on such 
material to withstand roof weight Of actual data m this connection wo have evidence 
of two kmds — one m the curious fadures of coal pillars m certain seams m eertotn areas, 
and the other m the habihty of the same seams to ignition by spontaneous combustion 
‘In the last paragraph emphasis is intended on the word certain It is well known 
that the coal m the various seams m the Barakar senes in the Jhana coalfield is not the 
same In some it is dull and hard and strong , m others it is bnght and bnttle and fnable 
Taking these extremes as types of two seams it is evident that under stresses mducing a 
strain along the beddmg of the seams the bright coal will shear rather readily It is 
nearly always the better quality coal Consequently, when such a seam is opened for 
working, the pillars will bo subject to spalling , collapses are hkely to occur m an mexphcable 
way to those who do not appreciate the loss of cohesion that has occurred m the geological 
past , and, lastly, such coals will readily oxidise and heat up and ultimately igmte with 
access of air It is true that nearly all bnght coals with a volatile percentage over 25 are 
hable to spontemeous combustion, imder suitable conditions, even when m undisturbed 
seams But when shearing, especially relatively slight shearing (enough to impair the 
strength of the coal), has taken place these seams are much more liable to fire when 
worked by the pillar and stall methods now m vogue m the Damodar valley coalfields 
‘ The section which accompanies this note is to mdicate the geological structure along 
one Ime from the southern boundary fault near Bhojudih northwards through Budamdih 
and through the gnoissic horat of Fathardih to the coal measures about Bhulanbaran 
It IS by no means certain that over-nding is absent m the Barren Measure sand- 
stone about Chhatatanr, and the considerable thickness of strata which has been designated 
Upper most Barakars may also be due to a duphcation of the measures as the result of 
over-nding (as explained on page 88 of the Jharia memoir already referred to) With 
regard to the fault immediately north of Sudamdih there seems httle doubt that over nding 
has occurred and that this is not a normal but an overthrust fault It must, however, be 
kept m mmd that the direction of shearing (over-nding or overthrusting) is not merely 
up and down along the fault plane, but that tho greatest movement appears to have 
been along a horizontal direction m the shear or fault plane This is very hard to detect 
m the field unless the face of the fault is seen, but the mapping of the surroimding 
areas loaves no room for doubt It is to be noted that the mtrusions of pendotite have 
occurred after the strata were disturbed and dislocated by tectonic movements — ^probably 
while the Barakar coal seams were still overlaid by 10,000 feet or so of younger strata. 

‘With regard to the whole question of structure of the Jhana coalfield there is abundant 
evidence of shearing m several places, both m the south and east as well as to the west 
of tho field. At the pomt of the Fathardih horst m the Bhaura (Bhowra) area the gneisses 
appear to have ploughed under the ooal measures. And m each case which has been 
scrutinised the evidence pomts to a general compressive effbet along an east-west direction, 
t e , roughly parallel to the mam line of faulting It seems that the great boundary fault 
IS the chief tectonic feature, and that along this line the strata on the down-throw side 
has not been let down equally all along In consequence of this there are deep saga- 
now the coalfields of Raniganj, Jhana, Bokaro and Karanpura — and in these sags over* 
riding has followed the bending of the strata— the successive (or certam) beds slipping 
(or shearing) over the next below— as already refiuied to on page 88 of the Jharia memoir. 
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All theee mibsidiaiy movements combined are not easy to unravel, but the sum effect has 
been commumoated to certain coal seams m certam areas, and those coal seams m those 
areas are both liable to spontaneous combustion and to collapse to a greater degree than 
should normally be expected ' 

Shale and sandstone bands m seams are hkely to affect the habihty of a 
seam to heat spontaneously, as when coal is crushed and heat generated, the 
shale bands, which are poor conductors of heat, are likely to retain the heat 
and assist spontaneous combustion In the Jhana coalfield fourteen fires have 
occurred after premature collapses of pillars have taken place and there is no 
doubt that the fhabihty of the coal and the geological disturbances wore 
important contributory factors 

Dr Penman, m Table 11 of his paper* ‘The Crushing Strength of Coal 
Pillars’, gave the approximate average crushing strength of pillars in lbs per 
square inch for Nos 16, 14 and 13 seams in the Jhana coalfield, as 1,000, 
1,100 and 1,050 It is sigmficant that these three seams which are the most 
liable to spontaneous combustion have the lowest crushing strengths of the 
coals given in the table 

The crushing of pillars may be directly responsible for fires I know of 
one case in the Jhana coalfield whore a pillar m 15 seam adjoining a depillanng 
area at a depth of 660 feet was badly crushed and eventually the pillar went 
on fire spontaneously The effect of crushing is to produce small coal and 
also to generate heat due to the gnnding action produced 

In Volume LXIV (1922-1923), Transacttom of the Institute of M\mng 
Engineers, Prof Bnggs gives the results of experiments earned out on the heat 
generated by the crushing of coal, and he states, ‘A fragment of average 
Bituminous coal l/300th mch in diameter, if suddenly produced by crushing, 
will, in the midst of similarly conditioned particles, obtain a temperature rise 
of 62®P If the waste in which the crush takes place has a temperature of 
76°F , this particle will thus be raised, practically instantaneously, to a tempera- 
ture of 127"F. Under the same conditions a fragment 1/lOOth inch across will 
attam a temperature of about 92*’F ’ 

The heat generated accumulates m the small coal produced and as the 
temperature mcreases the affimty for oxygen increases, until the temperature 
of igmtion 18 reached The most important factor in the crushing of pillars is 
the small coal produced which is so much more susceptible to oxidation than 
coarse coal 

3 The nature of adjoimng strata 

Spontaneous combustion is greatly influenced by the capacities of various 
strata for conducting heat Ordmary shale, still air and coal are bad conductors 
of heat, while sandstone is a good conductor. Herschel and Lebour 
{Transactuma of the Institute of Mtntng Engxnurs, Volume LXIV, 1922-1923, 
Bnggs, Spontaneous Combustion, mitiated by crushmg) show that ordinary 
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coal measure shale is not such a good oondnotor of heat as ooal (unspecified) 
and that soft sandstone is twice and hard sandstone three times as good a 
conductor as coal 

These difienng conductivities have an important mfiuence on spontaneous 
heating Take for example the 3-ft shale roof, which is of a carbonaceous 
nature, above No 16 seam in the Bararee-Bhulanbarari area It is very 
probable that this shale has contributed greatly to the imtiation of spontaneous 
heating m some instances There is also the 7-ft ‘parting’ between Nos 16 
and 14-A seams. Then there are the shales, chiefly of a carbonaceous nature, 
between Nos 14 and 13 seams At Gopahchuck this ‘ partmg ’ vanes from 3'-14' 
At Ekra it t hins out to about 6', combined with a 2-ft sandstone band At 
Mudidih it thickens up to 14 feet 

I quote these examples to indicate that seams with adjoining beds of 
shale should be treated with suspicion For instance, if No 15 seam is being 
dopiUared and as much ooal as possible has been extracted, there is the 3-ft. 
shale roof which is always a potential danger Accumulated masses of fallen 
shale roof may he m the goaves for months, covenng small ooal, which readily 
oxidises The shale being a poor conductor of heat will not allow the heat 
produced by the oxidation to be dissipated, as it is generated, which results m 
the shale and coal reaching the temperature of igmtion Analogous condi- 
tions exist where there are contiguous seams with ‘partings’, consisting chiefly 
of shales On the other hand if the adjoining strata are sandstones, there is 
not the same tendency for the heat to be retained, as the sandstones are 
comparatively good conductors of heat 

At two mmes where fires have occurred m the goaves of No 14 seam, the 
shales between Nos 14 and 13 seams have fired on the sur&ce when thrown 
on the ‘spoil heap’, indicating that they are liable to self-heating due to their 
carbonaceous nature. I am of the opimon, therefore, that many of the shales 
m the Jhana coalfield have played a considerable part in the development 
of spontaneous heating due to their insulating properties and their 
oomposition. 

4. De/fih of the coal eeama. 

The greater the depth of the coal seams the greater is the liability to 
crush and form small coal due to the pressure of the supermoumbent strata. 
Even where pillars of adequate size are left for the particular depth woiked 
the coal may be of a friable nature and ‘sheddmg’ may take place, resulting 
m the gradual deterioration of the piUars. At great depths where there are 
extensive workings there may be diflaculty in adequately ventilating the 
workings so that heat created by crushing or goafing operations may not be 
readily dissipated 

A detailed study of the phydoal conditions prevailing in ooal twama is 
essential when considering the causes of spontaneous combustion underground, 
and the means to be adopted to prevent these spemtaneous heatings. 



FIRES AND IGNITION IN MINES 
By E B. Pabk * 

The heading of this paper covers a wide field, embracing as it does cases 
of spontaneous heating without actual fire, blazing fire, which may be due to 
spontaneous heating or to some mechanical or electrical cause, ignition of 
gas with subsequent flame but practically no explosion and igmtion of gas 
or coal dust with a moro or less severe explosion 

Spontaneotis heating — This is quite a common occurrence in coal mining 
operations although it is one of the things which the Mimng Engineer takes 
the greatest precautions to prevent 

Cause of heating — Coal m its natural state always absorbs oxygen and m 
doing BO a certain amount of heat is generated , unfortunately coni is a very 
bad conductor of heat and the heat thus formed is not easily dissipated, with 
the result that the temperature nsos and this is immediately followed by an 
mcrease of the rate of oxidation thus produemg more heat until finally igmtion 
temperature is reached 

LiabiUty to heating of different seams — Different scams of coal vary greatly 
in their Uability to spontaneous heating and this is chiefly duo to two causes 
(a) the thickness of the seam and (6) the physical constituents of the coal 
(a) It 18 a well-known fact that in thm seams 4'-0' thick or less, spontaneous 
heating is very rare indeed, this is of course to be expected as the heat generated 
by the oxidation of the coal is dissipated through the roof and floor of the seam 
and also there is not the same quantity of coal lost m mining operations as 
there is in a thicker seam. (6) Coal consists of 4 physical constituents — Claram, 
Duram, Vitram, and Fusain— and of these four constituents it is the last, Fusain, 
which is primarily responsible for the spontaneous heatmg as it absorbs oxygen 
far more readily than any of the other three constituents In addition to its 
aflSmty for oxygen the Fusam in a coal seam also tends to create spontaneous 
heatmg because it is the softest part of the coal and coal with much Fusam 
m it IS softer and therefore more liable to dismtograte than coal which has 
httle of this constituent, eg, Anthracite which contams no Fusam is not 
hable to spontaneous combustion at all, this dismtegration of the coal exposes 
more coid surface to the air and therefore the rate of oxidation of the coal 
increases. 

One other factor which has a defimte bearmg on the liability of a coal 
seam to spontaneons heatmg is the nature of the floor and roof* if the floor 
and roof are composed of sandstone or some similar rook which is a good 
conductor of heat there is defimtely less likelihood of spontaneous heatmg 


* Loyabad Colliery, MaaUuim. 
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than there is if they are composed of shaly material which is a bad conductor 
of heat 

Rate of progress of spotUaneotis heating — ^The rate of progress of a 
spontaneous heating until it becomes a blazing fire vanes considerably 
depending on several factors (a) the degree of spontaneous combustibihty 
of the particular seam, (6) the amount of the coal concerned m the heating, 
(c) the state of dismtegration of the coal, (d) the amount of oxygen that is 
available for the coal to absorb, e g , there is more bkehhood of heating 
developing in a seam which requires a high watergauge to ventilate it than 
in one with a low watergauge, other things being equal 

As spontaneous heatmg starts and developes in a mine it produces 
effects which enable an experienced mining man to detect it in most cases 
before it becomes a blazing fire, although in cases where oxidation is very 
rapid this is not always so. 

The defimte stages of a heating can be classified under the foUowmg 
headings 


Ist stage ‘ Sweating, or deposition of moisture on the 

roof, sides, etc 

2nd „ ‘Gob stink’ smell produced 

3rd „ Paraffin or petrol smell produced 

4th „ Burnt tar smell produced 

6th „ Smoke appears 

6th „ Flame visible 


‘Gob stink’ so called because heating usually occur in the goaf or ‘Gob’ 
has a very distmctive odour and an expenenced man can detect the very faintest 
trace of it by his sense of smell and if even the faintest trace is detected it is 
absolutely infaUible proof that a heating is starting It is safe to say that 
over ninety per cent of fires in mines that are caused by spontaneous heatmg 
are discovered by some one detecting a smell of gob-stmk in the mme , the 
remaming small percentage are exceptional oases where the air getting to the 
heating is under pressure of some kind and development of the heating is so 
rapid that when it is discovered it has already reached one of the more advanced 
stages outlined above 

Other fires tn mines — ^Fires other than those caused by spontaneous com- 
bustion may be imtiated in a variety of ways which it is oonvement to classify 
as ‘ Mechamoal ’ and ' Eleotnoal ’ 

Mechanical initiation of fires —In the majority of oases this class of fires is 
caused by some kind of mechamcal friction which contmues over a period of 
time until sufficient heat is generated to set alight any combustible material 
which may be near at hand The most common instances are the rubbing of 
a continuously running endless haulage rope on a defective pully which has 
ceased to revolve or onsome obstruction such as a sleeper which has got out of 
position, the rubbing of a steel jigger face conveyor on timber due to the 
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conveyor being improperly built up or having been pushed out of alignment by 
shot-firmg or some other cause, to the rubbmg of an endless belt conveyor on 
part of the steel framework which has got out of ahgnment or been damaged, 
or on some projecting piece of wood which is fouling the conveyor, agam if a 
belt conveyor is badly overloaded the belt may be contmually slippmg on the 
driving drums and eventually generate so much heat that if there happens to 
be any very inflammable substance close to it this is set ahght 

Other causes of imtiation of fire which come under this headmg are 
defective or damaged safety lamps or of course in open-light mines the naked 
lights used by the miners Actually a defective safety lamp is not likely to 
cause a fire in a mine unless it is in a place whore there is some gas, in which 
case it may igmte the gas and cause a fire or an explosion, but there have 
been oases when minors’ clothes have been hung over a safety lamp with the 
result that the latter has become red-hot and set the clothes ahght, though 
this IS an extremely rare occurrence 

Eledncal tntttalton of fires — ^The iiutiation of fires by olectnoity without 
the presence of either gas or coal dust is uncommon because if there is a defect 
m the eleotnoal apparatus and a flash occurs this is of such a short duration 
that it must be in contact with somethmg that is very inflammable for a fire 
to be started ; the usual medium of propagation of the flame is either oil or 
oily waste or rags which have been left lying about near to the electrical 
apparatus by some negbgent attendant and it is most essential that where 
there is electrical apparatus m a mme the place in which this apparatus is 
housed shall be kept eis clean as possible 

An occasional source of serious trouble m this way is a transformer and 
in this case there is always oil in the transformer itself, this is set ahght and 
causes an alarmmg fire, when transformers are in use underground they 
should be kept in a completely non-inflammable house and no inflammable 
material must be kept in the same house 

Another occasional source of an electrical fire is a defective cable which 
bursts, this is always due either to senous overloading of the cable or to some 
mechanical damage which causes the msulation to break down, the flash 
that occurs will sometimes set fire to the paper msulation m the cable and 
thus mitiate a fire especially if, as is quite a common practice m this country, 
the cable is supported on wooden pegs let mto the coal sides of the roadway , 
these pegs often get very dry and readily propagate the flame once it has 
started and if they become properly ahght and no one discovers the fact there 
is every likelihood of a senous fire occurring 

Open-light mtnes — ^In mines where safety lampe are not used the ordinary 
lamps carried by the workmen are m themselves an obvious danger as they 
are haUe to set ahght any dry inflammable material with which they come 
m contact and it is really rather surprising that cases of imtiation of fires are 
not more numerous than they actually are m these mmes; the saving factor 
really is that m the majonty of mmes where no CH4 is found, and therefore 
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open lights can be used, there is more or less percolation of water throu^> 
out the mine and the damp atmosphere renders anything m the mine far 
less susceptible to ignition than it otherwise would be. 

It IS an old saying in the mimng world that you do not usually get major 
trouble from ‘gas’ and ‘water’ m the same colhery but that you are very 
lucky if you have not trouble from either one or the other; it is this water 
in the non-gassy mines which is the great safeguard against fires being caused 
by the open lights 


Ignition of Gas and Coal Dust 

Igmixon of gas — Ignition of gas (CH 4 ) can occur in a mine either with 
or without a more or less violent explosion It is a well-known property of 
CH 4 that it IS only explosive between the limits of a 4*5% and 13 6 % mixture 
with air, and it is not uncommon for an accumulation of gas to be igmted in 
a mine without causing an explosion at all, this is I think usually the case 
when an ignition of gas occurs in an open-light mine as in these instances 
there is almost always just an isolated pocket of gas m a certain part of the 
working but nothing at all in the general body of the air, with the result that 
if some source of igmtion such as an open light comes ui contact with the 
gas the latter just bursts into fiame and burns itself out without causmg an 
explosion , the classical example of this kind of igmtion was the custom that 
was prevalent in the old days when a miner before starting work dehboratoly 
used to light up the gas in his working place by holdmg his open hght above 
his head while he himself crouched down and allowed the flame to pass over 
him, this removed any accumulation of gas and he could then carry on with 
his work without fear of further igmtion as the movement of himself and his 
mates was sufficient to cause any gas which was given off to become mixed 
with the air and earned away 

Now-a-days when the majonty of zmnes are rather deep and liable to gas 
it 18 essential to have a system of mechamcal ventilation by means of some 
kind of fan, m order to keep the working places clear, and it is unusual to 
find large isolated pockets of gas as it is diluted by the air as it is given off 
from the strata, but what usually occurs to cause an igmtion is that 
through some cause the ventilating system fails for a certam part of the 
workings either through breakdown of the ventilator or more usually through 
the air bemg allowed to short circmt owing to some separation doors having 
been left open or broken, and m this case the whole body of air m a distnct, 
or at least a large part of it, becomes charged with the gas to SUch an extent 
that it IB an explosive mixture, m these circumstances should any source of 
Igmtion be present a senous explosion of gas occurs 

The most common causes of igmtion of gas in a safety lamp mine are: 
(1) fires or spontaneoiur heating, (2) shot-firing, (3) electncity, (4) defective 
safety lamps 
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Igwlxon hy fires or spontaneous heating — ^This is the most oommon and 
IS liable to ooour at any time when a heating or fire is bemg sealed ofF, there 
18 always production of gas when coal is distilled by heat and as the area is 
sealed off the ventilation into the area is gradually reduced with the result 
that an explosive mixture may be formed and of course if this comes m contact 
with the heating or fire an explosion occurs 

Ignition by shot-finng — ^Where shot-firing is done m a mme in which gas 
IS found there is always a risk of an explosion because although the law insists 
on all possible safeguards being taken, such as only penmtting the use of 
specially tested explosives, making the use of stone dust compulsory, pro- 
hibiting the finng of shots if any gas at all can be detected, encouraging the 
use of sheathed explosives and in various other ways, yet there is always the 
personal element present and a httle slackness or fool-hardinees on the part of 
the shot-firer is liable to cause an explosion, for mstance an improperly placed 
shot-hole or too large a charge in a hole will result m a blown-out shot pro- 
ducmg fiame and if the shot-firer has omitted to test for gas the result is an 
explosion, or again in firmg m stone rippmgs in roadways behind a Longwall 
face if a break m the stone crosses the shot-hole and connects with the goaf the 
flame from the shot may igmte gas in the crack and cause an explosion of gas 
in the goaf 

Ignition by electncUy — ^As with shot-finng, so with electncity, it is always 
a potential source of danger m a gassy mine, because although the Electncal 
Engineers tell us that with really up-to-date protective devices and modem 
plant there should be no danger of an explosion, yet the fact remains that 
those protective devices again depend for their efficacy on the human element 
in setting them and keeping them in perfect adjustment and the human element 
IS always liable to be at fault, espeOially in the dark conditions prevailing in 
a coal mine 

Practically speakmg any piece of electrical machmery, even when of the 
so-called ‘flame-proof ’ type, may cause an explosion either because of neghgence 
on the part of some eleotncian who has been exammmg or repainng it and 
who m putting it together agam has not done so properly so that although it 
works quite satisfactorily it is no longer ‘flame-proof’, or because it has been 
damaged m some way by a fall of stone or coal or by a derailed set of tubs. 
Instances are on record when even cables which have been damaged or over- 
loaded have burst and started a fire It is of course needless to say that if 
there is any gas present when a spark or flame occurs from the electrical 
machinery it ignites at once and either explodes or bums according to the 
percentage present in the atmosphere. 

An extremely good example of the ciroumstanoes in which igmtion by 
electncity may take place occurred a few years ago when an in-bye auxiliary 
fan was shut down for a short time for repairs, after the repairs had been effroted 
the switch was put m to re-start the fon, this sparked and an explocdon occurred 
killing the men who were there. The stopping of the auxiliary fan had caused 
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the ventilation in that particular part of the pit to be reduced with the result 
that the normal emission of CH4 from the district was not sufficiently diluted 
by air and an explosive mixture was formed 

Ignttton of cod dust —It is of course a well-known fact now-a-days that 
dry coal dust, if in a sufficiently fine state of sub-division, is extremely explosive 
and m all countries where the coal mmes are dry and dusty extensive pre- 
cautions are taken to minimise the danger of explosions from this source by 
spraying water or spreading inert stone dust around the galleries of the mine 
where the coal dust collects, an explosion of coal dust is almost always far 
more violent and destructive than an explosion of gas alone and m fact practi- 
cally all the really major explosions m coal mmes have been coal dust 
explosions 

In order to have a coal dust explosion it is necessary for the coal dust 
first to be raised up in a cloud and well mixed with the air and then, while 
in this state, for some source of igmtion to be applied to it The most usual 
cause of an ignition of coal dust is by a previous ignition and explosion of 
gas as this provides the necessary violence to raise the dust m suspension 
m the air, and also the fiame to ignite it, it is a fact that the great majority 
of coal dust explosions are caused by a previous small gas explosion 

It IS possible however for coal dust to be igmted without a gas explosion, 
e g , a blown-out shot may do it or some unusual occurrence such as happened 
not so very long ago when a set of loaded tube broke away and after gathering 
speed piled up at a bend in the roadway where there was an eleotnc cable, 
the coal in the tubs was tipped out by the crash and of course the fine dust 
rose in a cloud, at the same time the cable was broken and it emitted a flash 
which started an explosion This is an extremely unusual combination of 
events but things like this do happen and are of course extremely difficult to 
guard against 



STORAGE OP COAL 


ByE R Qbe, M A, {Cantab ),F08 , Q&Aogxcal Survey of India 

The mam interest in the question of storage of coal lies in the fact that coals, 
particularly those of low rank — bituminous, sub*bituminous and lignitic — 
are liable to spontaneous combustion and also to deterioration both m their 
calorific values and coking propensities This is due to the fact that coals, 
especially the types mentioned above, absorb oxygen slowly and in the process, 
as a result of chemical reactions, heat is generated 

Formerly it was supposed that this generation of heat was due to the 
oxidation of iron pyrites in the coal and mineral matter and that the latter 
reaction was responsible for spontaneous combustion Although the possibility 
of the effect of this reaction cannot be overlooked in those cases where pyrites 
occurs m a relatively large proportion and m a finely divided state, yet it can 
scarcely explain the liabihty to spontaneous igmtion in the case of many coals 
that are known to be low m that mineral, including many of the Gondwana 
coals of India The alternative explanation appears definitely more reasonable 
and IS doubtless the mam factor involved 

In the case of Indian coals, the tendency to spontaneous igmtion is 
apparently relatively greater m the case of the Bamgan], high moisture coals, 
than with the Barakar, low moisture seams 

Although we are not yet m a position to speak with any degree of certamty 
on the question of the particular chemical reactions that take place gradually 
m the coal substance during the matunng of a coal seam, yet it appears that, 
while being transformed from ligmtes mto sub-bitummous and bituminous 
types, oertam complex chemical sulMtanoes, which are particularly reactive 
to oxygen, are formed Further chemical change, into high rank bitummous 
coals with strongly caking propensities, apparently results in the conversion 
of these reactive elements mto more stable substances and the change towards 
anthraoitisation renders the coal still further immune to oxidation 

Thus we find that the low moisture, welhinatured bitummous coals of 
the Barakar measures of the Jhana, Gindih and Baniganj fields are much less 
liable to spontaneous combustion than the higher moisture, less matured, 
bitummous and sub-bitummous seams of the Barakar measures of other 
fields and of the Raniganj coed measures 

Relatively high moisture appears to be fBlated to the question of spon- 
taneous Igmtion only indirectly owing to the oiroumstance that the state of 
maturity attained by these sub-bitummous and low rank bituminous coals 
corresponds with an api«eoiable moisture content. 
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In oonneotion with the qoMtion of spontaneous ignition m ships* cargoes, 
the data collected by two Commissions in Wales indicate that, apart from 
the chemical nature of the coal itself, fires may be expected to mcrease. — 

(i) pan poMU with the tonnage of the cargo and the temperature at 
which it IS loaded, 

(u) with the fineness of division of the coal, and 
(m) with only 8l%ght ventilation during the voyage. 

Also, the Commissions failed to find a single undoubted case of a 
spontaneous fire in a coal cargo having originated in any other place than 
under the hatchways, from which it follows that a heap of dust under the 
hatchways should be avoided 

The question of the liability to spontaneous combustion in Indian coals 
and of storage, particularly when m a finely ground state, is important in 
relation to washing and to their use os pulverised fuel Regarding pulverised 
fuel, it would obviously be dangerous to store large quantities of the high volatile 
Raniganj coals for prolonged periods, and the direct firing system in which 
the pulverising mill and the burner is a self-contamed umt may be preferable 
in many instances to the central grmding system which entails storage. 



INDIAN EXPORT TRADE IN COAL 


By C A. Innbs * 

It may be advisable to clear up at the outset of this article any possible 
confusion of thought regarding the coal shipment business, which is fairly 
substantial, and the coal export trade proper, which up till recently has been 
small In a country so large and also having so long a sea-board as India, 
and m view of the fact that the major coalfields are within a short distance of 
a large port, Calcutta, it becomes economical to route coal by sea and not 
by rail for the reqmrements of ports, and, iii many cases, of the hinterland 
behind those ports The reason for this is tliat carnage by sea is cheaper 
than carnage by land The coal therefore for many of India’s mdustnal 
concerns is supplied by ship from Calcutta, and among these may be mentioned 
the cotton mills of Bombay, tho various railways in Kathiawar States, cement 
factones on the West Coast of India, and steamers’ bunkers and harbour board 
requirements in nearly all India’s ports 

This business is generally referred to as the coastwise trade, and may be 
said normally to total, between Indian ports and excluding Burma, a milhon 
tons per annum 

Shipments to Burmese ports were mcluded m it prior to the year 1936, 
the year m which Burma was separated from India, but such shipments should 
now be classed as true exports, and ai:« so classed m the statistics issued by 
Government In order however that the comparative figures given later may 
present a true picture, Burma has been regarded for the purposes of this 
article as a separate entity, and considered briefly ‘m vacuo’. 

Burma’s annual consumption of coal is approximately 5| lakhs tons, 
of which practically all is supplied from India, though metallurgical coke 
for the Burma Corporation is bought from the U K and from Afnca as well 
as from India. The biggest buyers of coal are the Burma Railways, and the 
Irrawaddy Flotilla Co who operate a large fleet of nver steamers on the 
waterways which constitute the oountiy’s highways. There is also a big 
bunkering busmess m Rangoon, mostly confined to the steamers of the B I. 
and Scmdia. Competition from coals from Afnca and other countries is but 
little felt, but wood and paddy husk are serious nvals to coal, and it is dis- 
appomting that the total exports from India of coal for the whole of Burma 
are not much more than half a milhon tons annually. 

Turning now to the markets which have always been regarded as export 
markets, we may classify them under four heads; Ceylon, The Straits, which 
mcludes Singapore, Penang, Port Swettenham, S^diang Bay and rarely, 
Bangkok, the Far East comprising Manila and the Chinese ports; and Aden 
and ports west of India. These markets in the year 1920 took about million 
* Mestn. Aiidnw Yule ft Oo., Ltd. 
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tons of Indian ooal, but only just over a quarter of nulhon tons the following 
year, and a mere 77,000 tons the year after So remarkable a change in such 
a short time could hardly come about through natural causes, and the cause 
actually was artificial, an embargo which the Government of India placed at 
that time upon the export of coal This embargo was considered to be 
necessary in the interest of Indian mdustnes, as there was a senous shortage 
of railway wagons and available wagons had to be utilised for the mternal 
trade, but there can be no doubt that it proved singularly unfortunate for the 
ooal industry, which was thus suddenly deprived of a valuable market 

When an import business which has been satisfactonly estabhsbed 
IS suddenly destroyed by the cessation of supplies, the importer is likely to 
turn elsewhere for the new connections which he has to make, and the door of 
markets previously held by India was thus opened to the coal exporters of 
South AfHca and Japan It so happened that South Africa was at that 
precise moment considering how her coal trade might be exjianded, and she 
was quick to seize her opportunity Substantial concessions m rail freight 
from colliery to port were granted to coal for export, and she soon succeeded 
in building up a large coal export trade, which at times has even encroached 
upon Indian coal in the ports of Western India Japanese coal, aided by 
certain favourable steamer freight conditions, had already penetrated as far 
westwards as Singapore, and was able to enlarge its interests on the withdrawal 
of Indian ooal 

The Government of India then made an efiTort to retneve the position 
They appointed, in September 1924, the Indian Coal Committee to enquire 
what measures could be taken by Government, by the coal trade, by the 
railways, and by the ports, to stimulate the export of smtable coal from Calcutta 
to Indian and foreign ports The institution of the Coal Grading Board and 
concessions in railfreight and port ohaiges on coal for shipment resulted from 
the recommendations of this Committee, and have been of much benefit to 
the ooal industry, but this benefit has proved in practice to be prmcipally 
in the direction of helping the mdiistry to withstand competition from foreign 
coals at Indian and Burmese ports, and the assistance given was not sufficient 
to enable the export trade to recapture its lost markets 

The cost of transport bulks largely m the pnoe of ooal o i f. destination 
port, and the comparative figures of distances from oolhery to exporting 
port, and from exporting port to destination port, show that geographically 
speaking both Colombo and Singapore should be India’s markets The 
difficulty of re-entenng them has lam in the difficulty of dispossessing established 
oonnections, and, to a lesser extent probably, in the fact that the reputation 
of Indian coal for quahty has suffered as the result of poor grade shipments 
made prior to the creation of the Coal Grading Board The Indian ooal 
industry has however always hoped and felt that one day India would get 
back her markets, aiid*that this extra milhon tons of business would help to 
rectify the state of overproduction m the industry. 
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In 1036 further assistance was forthcoming. Strong representations 
from the Lidian Mining Association to the Bailway Board and the Calcutta 
Port Commissioners were rewarded by the grant of a special rebate in rail- 
freight and port terminal charges of eight annas per ton on coal for export 
Immediately the Ceylon Government Railway contract was secured by India 
against competition from South Afhca, holder of the contract, and this 
important contract, 1^ lakhs tons annually, has remained with India ever 
since Exports, which were only a little over 2 lakhs tons m 1935 and approxi- 
mately the same in 1036, jumped to nearly 4| lakhs tons m 1037 and nearly 
7| lakhs tons in 1038 for the first six months of 1039 they have been nearly 
five lakhs tons The assistance given came at the right moment as Africa 
towards the end of 1936 found herself so short of coal as to necessitate the 
restriction of exports, thus affording to India an opportumty similar to that 
afforded to Afinca m 1022 

The considerable mcroase m exports m 1038 is attnbutable to the Sino- 
Japanese conflict, which has put the Chinese coal mdustry out of gear 
Competition m this China business is keen, as Japan, Amenca and Africa as 
well as India are out for a share of it, and the business is therefore not very 
remunerative, but it constitutes a valuable offtake which has played an 
important part in supporting the pnce of good quality coal for other business 
How long this business will continue is however problematical, it requires 
waters that are stormy, but not too stormy; it is likely to cease soon after the 
coming of peace to China, and is also likely to be curtailed by the slump m 
the Chinese dollar or by a Japanese blockade. With its cessation, any hope 
of mamtainmg the annual exports of Indian coal near the milhon tons mark 
also ceases 

It does appear however that even then an average export of between four 
and five lakhs tons may reasonably be expected During the three years 
smce the grant of the eight-anna rebate India has been able to consohdate 
her position m Ceylon, and to improve it m the Straits, Sabang and probably 
Manila, and the quahties of Disher^h Seam Coal as a gas coal have received 
wider reoogmtion.than was previously the case Exports m 1937 approached 
the five lakhs tons mark, with practically no business forthcoming from China, 
and it seems therefore likely that this figure can be mamtained after the 
China business ceases. In this connection it is mteiestmg to note that the 
Committee of the Indian Mining Association, when addressing the Railway 
Board m 1036 to ask for the special export rebate of eight annas, stated that 
they hoped this would result in an extra three lakhs tons of export busmess, 
from which it appears that they then visoaUsed a potential export trade of 
about half a million tons annually. 

The figures of shipmmts to the respective export markets since 1086 may 
be found mtereeting; they are as follows: — 



402 


0. nons. nmuir izpobt tradi dt coal. 



1036 

1037 

1038 

Jan^nne 

1030 

Ceylon 

1,62,040 

3,60,280 

2,72,614 

1,62,230 

Straits 

33,383 

66,777 

30,747 

61,200 

Far East 

12,631 

7,628 

4,61,690 

2,64,201 

Aden and other Ports . 

3,317 

26,766 

3,362 

20 


No acoount of the export trade would be complete without a reference to 
the work done for it by the Coal Grading Board The Board may be said to 
have regularued the shipment business, and the following tnbute was paid 
to it m 1037 by the Committee of the Indian Mining Association in their 
memorandum on the Report of the Coal Mining Committee — 

‘The pninaiy function of the Grading Board is to further the Indian coal 
export trade and protect the interests, m respect of shipment coal, of such 
buyers as are otherwise unrepresented in India by seeing that the quahty of 
coal shipped is that which the buyer has bought and that the standard of 
loadings is maintained at the correct level. The work of the Board has resulted 
m the standard both of picking and screening for shipment coal being given 
most careful attention at collieries, which is undoubtedly a sound, if unob* 
trusive, form of advertisement for Indian coal Further, the Grading Board 
classifications are now known m export markets where Indian coal is sold, 
and furnish a satisfactory basis for transactions We consider therefore 
that the work which the Board has done and is still doing for the coal shipment 
trade is of great value 

In conclusion, vanous benefits which interests other than the coal industry 
denve from the export trade m coal may be mentioned . It contnbutes towards 
India’s favourable trade balance It brings additional traffic to the Railways 
and the Telegraphs. It brings ships mto Calcutta to lift the coal, which is a 
bulk commodity, and these ships, as well as bringing revenue to the Port and 
business to Banks, brokers, stevedoras, ship-chandlers and others, pay income 
tax on their profits. It mcreases employment In short, it means to the 
country the advantages attendant upon a bigger export trade. 


I IB 



THE MARKETINO OF COAL IN INDIA 
By 0. A Lnras.* 

Before coal can be put on the market, it has to be prepared for it, as 
difGsrent sizes are required for different purposes, whereas the coal as it comes 
up firom the pit is usually a mixture of lumps and smalls, and also sometimes 
oontains stone from the roof or from bands withm the coal Well-equipped 
oollienes therefore have mechanical screening and picking plants, on to which 
the coal is dumped firom the tubs as they come up from underground, is sized 
by being passed through perforated screens, and is cleaned by the picking out 
of impunties by hand as it passes along the picking belt. It is then usually 
loaded mto railway wagons direct from the plant 

The sizes recognised m India haye been defined by the Indian Mining 
Association, m 1932, as foUows. — 

CUua. Coal 

1 Steam Coal Coal of a size larger than will pass through 

a 1' diameter round hole. 

2 Export Steam Coal Coal of a size laiger than will pass 

through a 2* diameter roimd hole. 

3 Slack The undersized product separated from 

steam coal 

4 Rubble 2'-i* 

6. Small Rubble or Nut 

Coal . ly-i' 

6 Snuthy Coal or Beans |*-f ' 

7 Small Smithy or Peas 

8 Dust . . . . }*-0'. Coal passed throu^ a |* screen. 

9 Run of Minp or Sapta The coal mixtures as mined. 

In actual practioe, however, few oollienes can handle large orders for classes 
6, 6 and 7, and contracts for rubble coal usually call for coal of size to 1^*. 

These different sizes serve different purposes m combustion, and though 
no hard-and-fast rule regarding suitability can be laid down, a very wide 
classification might be : 

Steam Coal . . . Loco, Bunkers, Domestic and some types 

of stationuy boilers. 

Slack Coal .. .. Boilers with chain grate stokers, coke 

making cement kilns and bnok burning. 

Rubble Coal . . Certam types of medianioal stokers, gas 

producers and forges. 

Dust Coal . . . . Bnok burning. 

Run of Mine .. .. Stationary hand-fired boileis generally. 

* Measn. Andrew Ynis A Oo., Ltd. 
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So far as cleaning coal is concerned, picking is about all that is done 
m that direction in India, though in other countnes washing is commonly 
practised m order to remove dross Coal compames m India have hitherto 
had httle encouragement from consumers to mstal expensive plants to improve 
the quality of their coal, as price is generally held to be of paramount 
importance in purchasing and the resultant very low average pitsmouth price 
of the past fifteen years or so in India — ^probably the lowest m the world — ^has 
not penmtted the introduction of novel refinements This is a pity, as the 
long haulages and consequent heavy freight charges prevalent in India should 
encourage coal deamng m order to minimise the amount of freight paid on 
dross, but the fact is that any uidustry, such as the coal industry m India, 
whose normal state is one of chrome depression, is dismclined to launch out 
mto heavy expenditure which must increase costs when there is no certainty 
that buyers mil be prompt to reoogmse and pay for the benefit they denve 
from It 

The pnncipal consumers in India are, according to 'Indian Coal Statistics, 
1937’ 

The Railways with 32 9% of the total consumption 
The Iron, Steel and Engineermg Industries with 24 8% 

Cotton Mills mth 71% 

No other mdustry exceeds 4% of the total 

The biggest consumers, the Railwa 3 rB, are also the biggest producers of 
coal in the country, having large and well-developed collieries of their own. 
This dual role is largely responsible, m the opmion of the coal mdustry, for 
the poor price reahsed by coal m India, smeo the Railways as consumers 
naturally prefer pnees to be low, and as producers can influence this to some 
extent by altering their ratio of coal purchased to coal produced, thus dis- 
turbing any equihbnum which there may be between demand and supply 
The Iron and Steel Compames also have their own collieries but both their 
coal purchsMes and their coal production are on a lesser scale than those of the 
Railways and cannot therefore exercise quite the same effect on the market 

The system of distribution in India as between producer, middleman and 
consumer conforms to no rules Collieries which are grouped together under 
the aegis of a firm of Managing Agents have the advantage of a selling organisa- 
tion which covers a wide field, both inland and abroad Such groups quote 
direct against most of the important tenders and to many of the big con- 
sumers, operate through agents and middlemen who may or may not be 
monopoly holders m certain areas, and also do business through brokers. 

The function of the agent who, working on a commission basis, exploits 
a temtory and often holds stocks on consignment for his prmcipals is an 
essential one, but there is less to be said for the employment of middlemen 
who buy and re-sell. Their chief value is that they take the financial nak of 
giving credit to small consumers, their disadvantage is that they create extra 
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competition at the expense of the producer Further, many of these middlemen 
actually own collieries themselves, thus creating a situation which seems 
somewhat anomalous, m view of the virtual impossibility of avoiding a 
divergence of interests on occasions 

The small mdividual collienes which cannot afford an adequate selling 
organisation are dependent partly on brokers and partly on what share they 
get of the Railways’ contracts, the coal industry’s annual Lucky Dip Tenders 
foi the requirements of the Railways from the market, usually about 3| million 
tons, are called for in a lump in November or December A Railway order 
may mean to a small colliery the difference between working or closing for 
the coming year, and as there is no second chance once tenders are decided, 
competition is naturally keen, and this system of purchase is well adapted 
to take the maximum advantage of any weakness which there may be in the 
market 

The policy of the Railway Board appears to have been for some years 
past to buy cheap inferior quality coal for the reqmrements of the State 
Railways, this pohcy is helpful to the small coUiery inasmuch as most of the 
good quahty coal is mined by the big colliery groups under Managing Agents 
and the poorer quahty coal by the smaller mdependent collieries, and it has 
been followed so consistently that there is now an unusually marked cleavage 
in pnce between the two types of coals, since there no longer seems to be any 
pomt m cutting the pnce of good quahty coals in the Railways’ tender to try 
for busmess which almost certainly will not be forthcoming It is too early 
to say yet whether this moans that producers of good quahty coal are on the 
verge of freeing themselvee from the bugbear of the Railways’ tender, but the 
outlook appears hopeful, and this would certamly be conducive to the stabilisa- 
tion of pnoes in the coal mdustry. It is tune that the pohcy of forcing raisings 
to lessen costs in order to keep pace with falling selling pnoes gave way to a 
pohcy of mamtammg selhng pnoes by a controlled production, and that 
producers of good quahty coal learn to put pnce first and volume of business 
second 




SOME PROBLEMS OP INDIAN COAL. 

By Ambit Lal Ojha, M I,M B , FB.SA (Imd.). 

Little public attention has so far been focussed on India’s importance 
as a producer of coal, for which her position among the coaLj^ucmg 
countnes is apt to be underrated There is besides a paucity of literature 
on Indian coal Though India’s average production stands between twenty 
to twenty-five million tons out of the world’s total average of twelve hundred 
to fourteen hundred milhon tons, it is interesting to note that as a ooal- 
producing country India stands second only to Great Britam m the Bntish 
Empire and ranks nmth m the whole world. Besides being the chief fuel 
for numerous Industrie and domestic purposes the potentiahty of coal as an 
important raw material for chemical mdustnes has been m increasing evidence 
m recent times The National Institute of Sciences is to be congratulated on 
the timely endeavour to present to the public a comprehensive literature on 
coal cloahng with its vanous techmcal and commercial aspects On the land 
request from the Convenor, Dr C S Fox, I have decided to discuss m the 
following pages, only a few problems relating to Indian coal, leaving other 
topics on its trade and technique for more competent authorities to deal with 
The points I proceed to take up are (a) Railways and coal, (6) competitive 
conditions in the coal trade, (c) marketmg of ooal, and (d) the problem of 
conservation 


(a) Railways and Coal 

The histone relation between Railways and Indian ooal is significant 
from many points of view It was the extension of the Railways to Raniganj 
that led to the rapid development of the ooal mdustry The begmnmg of 
the coal mdustry dates back to 1774 But its growing importance began from 
the year 1886 when the East Indian Railway first opened its line up to 
Ran^n] Before the advent of Railways there were senous transport 
difiSculties and so the development of the ooal industry was rather slow 

Besides being responsible for developing the industry the Railways m 
India have, for some years past, been the principal determinant of the nature 
and extent of the trade in coal The ownership and management of ooIbeneB 
by the Railways themselves forms a long-standing controvert. In 1871, the 
East Indian Railway acquired large tracts of coal-bearing lands at Qindih 
for the purpose of raising coal for its own use At present, all the important 
Railways have got their own oolhenes. It is no doubt true that as a pubho 
utility oonoem Railways must be assured continuity of supply of coal 
at a fairly steady price. It is also argued that the RidlwayB are commercial 
enterprises and they must be free to develop ihdr burineas interests and 
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devifle combinations of a vertical nature if they deem it profitable But 
the prmoiple of the State entenng mto direct competition with pnvate enter- 
prise, purely from a oommeroial motive, has httle justification from a social or 
economic standpoint except m a socialist regime I think there is much 
to be said m favour of a scheme of wholesale nationalisation of our mming 
properties (as has been recommended by the mmonty of the Coal Minmg 
Committee) against the present arrai^ement of piecemeal socialisation which 
acts as a standing menace to the mdustry It is now high time to re-open 
the question whether the Railway oolhenes should be closed down The 
Coal Mining Committee also were not in favour of the proposal The best 
way in which Government can help the industry is to close down the Railway 
oollienes for a few years, particularly in penods when the coal industry 
IS m a bad way, or to work only one or two coUienes and stop the rest, so that 
the outlook of the coal trade may be improved 

Railway tenders and the working of the freight system have no less 
influence on the coal trade Railways are the pnnoipal consumers of Indian 
coal In 1935 they consumed 7,293,000 tons of coal or 31 9 per cent of the total, 
while m the same year they produced 2,725,000 tons of coal The mtemul 
pnce of coal is determined chiefly by the rates obtained at Railway tenders 
and mdustnal concerns refuse to contract at rates higher than the rates of 
the Railway Board The Railway Board cannot be credited with exeroismg 
this dictatorial power with an eye to the well-being of the mdustry Takmg 
advantage of the weak organisation of the warring coal mterests the Railway 
Board’s pohoy has but tended to depress the pnce, especially m bad years 
A helpful re-onentation of the Railway Board’s tender pohoy is a much-needed 
reform The present arrangement of State Railways buying t\^o-tbirds of 
their coal reqmrements from the open market should be increased by another 
milhon tons in order to extend appreciable relief to the coal mdustry 

(5) CompOUiw OondtHone tn the Coal Trade 

Competition, which is a common economic theory, makes for effimeni^ and 
hence a better trade outlook Unfortunately m the case of the coal trade com- 
petition has been the potent flsKitor in hopeleBsly dei«esamg the industry m 
every way Indian ooed has to face competition both external and mtemal. 

(i) External eompeMion, ^ 

External competition virtually sto^^ied our export trade m coal. The 
foreign markets have for long been the w^^kest spot of the Indian coal trade. 
It is here that the trade has suffered the worst vicusitudes It is true there is 
a small surplus of production over consumption m the country. But disposal 
of this surplus at remunerative prices is of vital importance to the whole 
industry. During the post-war period the Government of India placed a bui 
on the ex^rt of coal and the consequence of which was that South Afnoa 



AMBIT LAL OJHA. SOHB PBOBLEMS OF ENDIAK COAL. 


captured our eastern export markets and even to-day we have not been able 
to regam those markets Loss of the export trade affected Bengal coal most 
senously Due to the comparatively high Railway freights on internal move- 
ment of coal and the moreasing tendency of industrial coiu^rns m the heart and 
further ends of the country to have their coal supplied from coUienes near at 
hand, Bengal and Bihar coals have to fall back upon the export trade As for 
quality and pnoe, Bengal and Bihar coals enjoy definite advantage for export 
trade 

The roost disquieting feature of external competition is, however, the 
advent of South African coal m the western parts of the country, especially 
in Bombay and Karachi Bombay and Karachi consume 07 per cent of 
the total quantity of the imported coal High transportation cost makes it 
unremunerative for Western Indian concerns to replace South African coal by 
Ramganj or Jhana coal Fiei^t per ton from Raniganj to Calcutta is 
Bs 3-12-0 whereas it is Rs 12-6-0 and Bs 16 for Bombay and Karachi respec- 
tively The secret of the competitive strength of South African coal is that it is 
bounty-fed Bounties are given in the shape of Railway freights which have 
little relation to economic rates There are three different coal rates, one 
for internal movement, another for coal intended to be bunkered and a third, 
which IS the lowest, for export of coal to countries like India, Ceylon, Sumatra, 
etc There is another important mroumstance which it is difficult to provide 
against, viz coal from South Afhoa is earned practically as ballast 

(u) Internal competttion 

In the internal market also the coal trade presents a spectacle of lack 
of organisation and cut-throat competition which entails in its tram con- 
siderable loss of hfe and property Reference has already been made to 
competition from State-owned Colhenes Apart from this, the competition for 
custom that exists among collieries owned by Limited Companies and Private 
Owners beggars descnption Under-quoting, rate-outtmg and instances of 
similar unfair devices can be multiplied Responsibility for these evils must 
be attributed to the unorganised character of the mdustry and the absence of a 
central controlling authority The three Associations that exist can have no 
concerted plan of action Opmion is irreconcilably divided even among mem- 
bers of the same organisation Obwrving this confnsmg phenomenon of 
competition, the coal Mining Committee very aptly remarked ‘The psychology 
of the trade is still too mdividualistio for concerted action even in its own 
interests'. The coal interests themselves are no doubt mainly responsible 
for thia state of things. But an impartial critic would not let off the 
Government clean-handed I am not indulging in the too common practice of 
oriticuing the Government. But it must be admitted that Government have so 
far failed to protect the vital mtereets of the country connected with the 
coal industry. Governments in Great Britain, Germany, France and Japan 
were fully ahve to the question and exerted their authority with legal measures, 
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efifiaoting regulation of output, allocating quotas, fixing minimum prices, 
control of tonnage, establishing Coal Mines Board with official patronaige, 
enforcmg compulsory co>operation among Private producers under State 
control, subsidising cartel formation and eliminating unhealthy competition 
It IS mdeed a sad commentary on our Government that they were too cold to 
feel the urgency for any such imtiative and that they were instrumental m 
encouraging competition and scramble The three bodies mterested in the ooal 
trade of Bengal and Bihar jomtly submitted a restriction scheme to the 
Government of India in 1933, which, for reasons best known to them, the 
Government did not consider it wise to accept and implement 

The jute and tea industries here are perfectly organised Sugar and 
cement have excellent marketing arrangements The ooal mterests can 
profitably emulate their ideas In collaboration with the recently formed 
Stowing Board the three Associations should bnng into existence a strong 
central organisation in the form of a cartel with necessary powers for regulatmg 
output, fixing quotas and minimum prices, etc , with a Marketmg Board 
attached to it The evils of competition will be further minimised if tenders for 
Railways and other Government or semi-Govemment concerns are not enter- 
tained except from bona fide members of the Associations who are consenting 
parties to a working agreement of the nature indicated here. 

(c) Markettttg of Indian Coal 

The figures of production and internal consumption of Indian ooal almost 
balance each other This may lead one, unaoquamted with the actual condi- 
tions prevailing in the coal market, to form a very happy picture of the Indian 
ooal trade. The general conception that the demand for ooal is inelastic is 
apt to lend an added support to conclusions of this nature. The fact is that 
there are oertam extraneous factors seriously mterfenng with the market for 
Indian ooal and this is why it cannot be disposed of so easily and profitably 

A httle over twenty million tons is India’s average production The 
years 1937 and 1938 were exceptional, as the production of these two years 
exceeded twenty-two miUion tons. The annual consumption vanes firom a httle 
over nineteen milhon tons to twenty-two-and-a-half milhon tons The annual 
export averages nearly 2 lakhs of tons. The annual import is to the extent of 
seventy to eighty thousand tons — ^Uie pnncipal sources of impprt being in 
the order. South Afnoa (thirty to thirty-five thousand tons), Umted Kingdom 
(ten to twenty thousand tons) and Australia 

(i) Export Marla for Indwn Coal. 

The export trade in Indian ooal assumed unportanoe only in the five 
years ending 1900 when the average annual export figure Was 80,600 tons. 
The peak in the pre-war period was in the year 1906 when over a million tons 
were exported For the decade ending 1016 the anniiA.1 export average was 
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approximat^y three quarters of a million tons 74,000 tons were exported 
m 1018, and 1020 saw exports mounting up to as high as 1*2 million tons 
Then came the official embargo which was not entirely removed till 1023 
With the help of the Coal Grading Board, which was appomted following the 
recommendations of the Indian Coal Committee, Indian coal in recent years 
has no doubt made some headway m the l(Mt markets 

A mmonty of the Coal Minmg Committee were defimtely against 
stimulating the export trade m Indian coal In their opinion a stimulus to 
export was not only not worth giving but it was positively detrimental to the 
country’s interest That the opimon, from a conservation pomt of view, is 
valuable cannot be demed. But m the present state of glut m the market with 
severe foreign competition wo cannot do away with the export trade When the 
circumstances arise for a maximum utilisation of the entire coal resources of the 
country with the payment of adequate prices for all grades, then and then only 
should the question of stopping export trade be considered Export may be 
stopped at any time by the simple device of cancelling the rebates. 

(ii) The Story of (he Internal Market 

Nearly 08 per cent of the coal produced m India is consumed withm the 
country The largest consumers are the Bailways with about 33 per cent of 
the total production The next m importance are the iron, cotton, ]ute and 
sugar mdustnes which consume 40 per cent altogether Inland steamers. 
Tea Gardens and Paper Mills consume 4 to 6% Other forms of industries 
and domestic consumption account for 9 to 10% Consumption at collieries 
and wastage are estimated at 10%. 

The problem of the domestic market is mamly one of finding a steady 
and economic pnce backed by unhmdered movement of coal throughout 
the length and breadth of the country — ^free from such Skrtificial restrictions as 
heavy freight and surcharge which reduce its competitive power to a con- 
siderable extent That the pnce of Indian coal dunng the preceding years 
was exceptionally low and sometimes uneconomic no one can deny Even 
the Coal Mimng Committee, who could be httle suspected of any sympathy 
for the Colliery owners, remarked ‘there seems httle or no margm of profit 
in the prices which most coal of good quality has been fetching during the 
past few years’ For 1987 the average value of coal per ton m India was 
Bs.3-2-0, whereas in Great Bntam it was Es 10-2-0 and m Canada and South 
Africa Rs.9-5-0 and Bs 3-11-0 respectively. 

The Railway surcharge though reduced at present to 12|%, together 
with the EmriiiTig Cess, River dues, etc , is a definite handicap and specially 
shuts out Baniganj and Jhana coal from western Indian marirots. ^1^ coal 
interests were insistent on their demand for reduction of these transport 
charges Recently the Chief Commissioner of Railways is reported to have 
said that reduction m the coal freights had not been followed by any increase 
in traffic and that the proposal for the removal of surcharge would mean l(»s 
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of revenue of about Rs 76,00,000 A small reduotion would no doubt have 
little effect To have the desired result a substantial reduotion is necessary 
Reduction in the freights and abohtion of the surcharge, coupled with an 
increase m the present duty of lOas on foreign coal, should be such os to equalise 
pnoes of foreign and Indian coal in all parts of the country Special induce- 
ments may also be given to mdustrial establishments by reducing pro-rata 
freight and cess on inferior coal 

The threat of electricity and other cheaper substitutes make some people 
apprehend that the demand for coal will be substantially reduced in future. 
Against this we can view with confidence a still greater increase in the demand 
for coal, possibly outstripping supply, in the coming days of progressive 
industrial activities in India Coal is destmed to have a bigger market not 
only as a fuel but as an important raw material for various synthetic products 
and for its numerous by-products of no less importance, 

(d) The problem of conaervatton 

The problem of conserving the coal, particularly the resources in good 
quality coal, has of late become very prominent in the country on account of 
the interest taken by the Government, the public and the subsequent passing 
of the Coal Mines ^fety (Stowing) Act The question of conservation first 
came to attract the attention of the Government when Mr R R Simpson, 
the late Chief Inspector of Mines m India, declared in his presidential speech 
as President of the Mining and Geological Institute of India that coking coal 
of good quahty in India would last only for 45 years The Government of 
India were upset by this alarming statement of Mr Simpson and they requisi- 
tioned the services of Mr Treharne Rees, a coal expert, who was to report 
on the most ommonuoal extraction and conservation of coal The next to 
undertake estimates of the probable reserve of coal in India were Dr Sir Lewis 
Fermor and Dr C S Fox, both of the Geological Survey Dr Fox estimated 
that at the end of 1932, the total reserves of coal in India were 60,000 milhon 
tons of which only 20,000 nuUion tons could be worked Following Dr Fox, 
the Coal Minmg Committee (1937) arrived at the conclusion that at the end of 
1936 the reserves of good quality coal were 4889'! million tons of which only 
1426*2 milhon tons were good quahty coking coal The Committee further 
concluded that the reserves of good quahty coal and coking coal, up to the 
end of 1936, would last 122 years and 62 years respectively. As fmr Jhana 
coal the Committee made a more disappointing estimate in that good quality 
coal and coking coal of that field would last only 81 years and 57 years respec- 
tively. Considermg the vital importance of coal the statements no doubt 
arouse grave apprehension But it should be reahsed that India is a vast sub* 
oontinent-like country and a oompiehmiBive geological survey has not been 
undertaken. The Coal Mining Committee also held the view l^t the reserves 
of coal of inferior quality m India were praotioaUy unlimited. But these 
arguments are not meant to minimise the necessity of conservation. 
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Conservation, broadly understood, impbes prevention of avoidable waste 
of coal through improved methods of mming, making for maximum extraction 
consistent with safety It also includes utilisation of the different grades for 
appropriate purposes leadmg to maximum satisfaction for each vanety 

Methods of extraction have nowhere come to perfection The Coal 
Miiung Committee cited the case of the Umted States of America Here m 
1 921 the average waste was as high as 34 8 per cent The average rate of waste 
m India, according to the committee, is to the extent of 60 per cent with a 
tendency to increase As a zealous guanlian of the nation’s interests the 
Committee recommended compulsory stowing m the Coal Mmes, which the 
Comimttee hojied would prevent 40 per cent of the avoidable waste, leaving 
10 per cent waste as beyond control 

Legal oiiforoernont of compulsory stowmg is the first of its kmd m India 
The measure would certainly mvolve colheries, particularly those producing 
inienor coal, in incalculable hardship A proposal of this nature it is undei> 
stood IS stdl under consideration at Geneva As would be expected, the 
recommendations of the Coal Mining Committee and the Stowing Bill as well, 
while it was being discussed m the Central Assembly, evoked strong cntioism 
from different quarters 

Conservation through the best pcmible utihsation of the different grades 
of coal depends largely on extensive research and mvestigation mto their 
physical and chemical properties So far there is no evidence of any effort in 
this direction and the mdiscriminate use oi all grades of coal, resulting m heavy 
loss, IS going on Only about two per cent of the entire coal resources of India 
belong to the Coking CoaJ variety The remaining 98 per cent are non<coking 
and low grade coal, of which only 10% constitute quahty coal Supenor 
quality coal from which hard coke is manufactured for metallurgical purposes 
IS indisonmmately used for steam raisu^ in locomotives and power houses. 
Instances of similar misuse can bo multiphed The need of the hour is to 
encourage study and research for finding profitable uses of supenor as well as 
infonor coal as fuel, raw matenals and sources of numerous by-products. 

As for research and mvestigation, it is the Government who should take 
the lead, because the responsibility is primanly its own Umversities and selec- 
ted Tochmcal Institutions may do useful work m this line. The Coal Mining 
Committee recommended the estabhshment of a Coal Research Board The duty 
of the Board should be more comprehensive and I suggest the formation of an 
Indian Fuel Research Board which should be entrusted with carrying research 
into the entire fuel resources of the country Great Bntam, Germany, Russia 
and the Umted States of America have already such Boards functioning within 
their borders Great Bntam spends nearly one hundred thousand pounds a 
year and the Umted States of Amenca spends four to five hundred thousand 
dollars for the purpose Let us hope that the wheels of Government will move 
m this direction. 




REORGANISATION OF THE INDIAN COAL INDUSTRY 
jBy J K Dholakia ,♦ MI M%n.E 

The figures of consumption of coal m various Industnes m India as 
estimated and published in the ‘Indian Coal Statistics, 1937 are as follows — 



Estimated 

Per cent of 


Consumption. 

TotaL 

Railways 

Tons 

7,934,000 

32 9 

Admiralty and Royal Indian Marme 
Shipping accounts 

31,000 

01 

Bunker Coal 

840,000 

35 

Cotton Mills 

1,704,000 

71 

Jute Mills 

766,000 

32 

Iron, steel and brass foundries (in- 
cluding engineenng workshops) 

5,984,000 

248 

Port Trust 

116,000 

06 

Inland steamers 

484,000 

20 

Bnok and tile factories (moluding 
potteries and Clement works) 

940,000 

39 

Tea gardens . . 

181,000 

0*7 

Paper Mills 

188,000 

08 

Consumption at ooUienes and wastage 

1,277,000 

53 

Balance available for consumption m 
other industnes and for domestic 
consumption 

3,861,000 

16 2 

Total .. 

24,106,000 

100 0 


This will show at a glance what headway the industrial progress of the 
country has made. It may be made clear that the Bombay Mills are almost 
entirely on hydro-electno power there eure certain other industnes which 
consume oil fuel a portion of the North* Western Railway wiiioh uses oil 

fuel in some of its locomotives and another Railway using wood fueL The 
eijuivalence in coal for these two Railways are esti m ated in the above figures. 

The coal resources of the country are of prime importance. The coed 
uidustry is the of all industries. India takes a second {dace in the 
British Empire and u the world for its coal ontpnt. The coalfields 
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found m Assam have added to our known National Wealth We have coals 
of differont grades, caking and non-cakiug and high grade and low grade 

The iron and steel industry requires hard coke and our supphes of caking 
coals for this purpose are limited It is therefore to the interest of the nation 
that such high quahty coal should be conserved, but it is a matter for 
consideration how these coals can be conserved for future generations The 
Railways, the Mills, the Shippers — all draw mostly from this variety of coal. 
Efforts are to be made to utihse low grade coal, wherever possible, and conserve 
this high grade vanety for metallurgical purposes 

Waste in the working of coal, or any mineral, has to be avoided and steps 
are being taken to mmimiso the waste in this industry in the methods of 
working and to obtain the maximum percentage of extraction from seams by 
legislation, and stowing is advocated to fill the cavities or hollows from which 
the coal is extracted and give stabihty to the surface The problem of supply 
of stowmg materials has yet to be solved The Stowing Board is appomted for 
the purpose and it is desirable that a laiger number of mines should profit by 
its operation 

In addition to hard coke made m modem coke-ovens by which gas is 
collected and by-products obtained, there are ovens of open types or beehive 
type in which hard coke is manufactured and all the by-products are run to 
waste 

Further, soft coke, our domeetio fuel, is manufactured m open heaps 
and all the rich volatiles are allowed to waste We have in 1937 manufactured 
about 860,000 tons of soft coke which means a very great loss of valuable 
by-products such as motor spirit, light oils, fuel and lubncating oils, carbohc 
acid, creosote od, ammomum sulphate, residual pitch and enormous quantities 
of gas, capable of generating miUions of horse power 

Research is to be earned out for obtaining smokeless fuel for household 
purposes and for utihsing coal having m its raw state a limited market The 
Soft Coke Cess Committee is paymg a small contnbution to the Indian School of 
Mmes, but the results of practical tests, if any, are yet to be published The 
research needs to be carried out on an extensive scale and on practical utihty 
Smokeless fuel to which attention is being directed m Great Bntaut is the 
product of low temperature carbonisation process and it is a fact that the 
success or failure of such a process is entirely dependent on a market for sohd 
fuel. Attention ivas also directed to the hqmd fuel denved from carbonisation 
of coal at low temperature and the activities of the financiers who have 
persistently laid stress on the pohtioal value of by-products have been largely 
responsible for the losses which the pubho have suffered frofn mvestments on 
unproved processes It is therefore necessary that extensive tests on the 
technical features of the low Temperature Gubonisation plants have to be 
carried out and their commercial utility proved. 

It has long beenseoognised that since coal, particularly when coked, is a bad 
conductor of heat, uniform coking of a ohaige at bw temperature is an entirely 
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different problem from that in hi^ temperature ovens, where nearly all the 
volatiles are driven off A number of experiments are to be carried out to show 
whether, under suitable conditions, it is possible to make a good domestic fuel 
from the extensive supphes of non-coking coals The tests should also be 
carried out with blendings of different qualities of coal and coke breeze 

If a serious attempt is made in this direction, unmarketable low grade 
coal and some old heaps of coal will be utihsed m producing smokeless fuel. 
The research work, therefore, on Indian coals is highly necessary and special 
attention has to be directed towards this all important national problem The 
waste gases hberated and collected can be made useful m running power plants 
to supply electrical energy to coUienes and industries m the vicmity. 

Research work m all directions is necessary and a beginning on a very 
large scale should be made m the search for vanous coals and the suitabihty 
of different grades of coal for different purposes should be established Special 
attention has to be given to smokeless fuel to be made from grades of coal that 
appear unmarketable, and tests have to bo earned out with different types of 
ovens to suit the various varieties of coals, their blendings or mixtures even 
with breeze, as to the possibilities of making bnquets which may even be 
burnt in locomotives, instead of burning high grade coal The recovery of 
by-products and utilisation of waste gas should also form a part of the 
research 

The coal trade is workmg under many disabilities If soft coke 
consumption is popularised, the demand would be very great as fuel and 
thus the forests will be preserved avoidmg the chances of famine and cow-dung 
can be utilised as manure in the field 

If it could be made possible for large scale mdustnes to start and thus 
utilise the raw materials which are now being exported at ridiculously low 
prices, the demand would mcrease m that direction You have noticed that 
the iron industry alone is takmg 26% of the coal output 

The Railways in India are not like those m America or other countries 
where two rival Railways catering for greater comforts always advertise and 
carry goods and passengers at competitive low rates, but in India the rates of 
Railway fares and carriage of coal, rather than help the industry’s expansion 
in far off markets, retard the progress and keep it m a moribund condition 
On the top of this, the coal will not be earned when required during the 
wmter months and ooUienes have to build up heavy stocks 

Furthermore, the Railways increase their output when prices tend to rise 
and decrease their output when pnees come down This state of affairs can 
be remedied if the Railways purchase all their reqiurements frxim the public 
and keep their coal in reserve for future use, the custom being distributed 
on as liberal a scale as possible 

While considering the amelioration of the coal industry, the question 
arises as to how to improve the coal trade The simple reply would be that 
the coal should fetch such a pnoe as would enable the industry to stand on its 
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own feet, permitting it to do what is required for the safety of persons, safety 
of undertaking and properly orgamsed development The immediate solution 
would be for the Railways to buy all their requirements iixim the market, and 
conserve the coal in their own collieries Owners of mines in the iron and 
steel mdustry should draw coal from the pubhc and conserve theur coal for 
future requirements In order to popularise soft coke, mtensive propaganda 
has to be made. Improved quality of soft coke should only be allowed to be 
despatched and the soft coke made from rejections and pickings should be 
stopped Unless and until soft coke made from coal that has no market is 
manufactured, after juoking out unpuntieB and shales, and the supplies of clean 
domestic fuel are assured, no rapid advancement can be made Only if 
soft coke IS popularised as fuel, and if a hberal reduction in Railway freight for 
smokeless fuel for domestic purposes is made, would the consumption increase 
greatly and remunerative pnces come to stay The Soft Coke Cess Committee 
has been functiomng for some years and the improvements m this direction 
should engage their serious attention Considering the population of India, 
if intensive efforts are made in this direction and good quahty soft coke is 
supplied and Railway freight liberally reduced, there is no reason why there 
should be any over-production 

The iron mdustry has been started on a very large scale only smee three 
decades and is consuming 26% of the coal output When this expands and 
when other industries grow, there will surely be set up a very good demand for 
coal. In other countries coal and iron mdustnes flourished side by side and 
expansion m both the industries went t<^ther and the prosperity of the country 
was the result There is however another view that the prices and output 
should be controlled. Rationalisation of industry should be attempted and the 
trial given three to five years. The industry approached the Government of 
India for such a step m 1934 but with no success. It is hoped that the 
Government of India will now senously consider the situation agam, and help 
the coal owners in their efforts to rehabihtate the coal industry by giving them a 
sympathetic hearing and by allowing the industry to try to shape its destiny 
for an experimental penod of three to five years. 


tSB 



THE PRESENT STATUS OF THE COAL INDUSTRY 

Ry D D Thaokbr, Rao Bahadur, FR8.A {Lond), M I M.E.* 

Coal IS an indispensable commodity in modem mdustnal life bemg, m 
fact, the comer stone on which rests the mighty stmcture of modem industrial 
development It is a basic industry and is also called a key-mdustry, as it 
holds the key to other industries Coal will, therefore, play an important 
part in any scheme of industrial planning for the country and it augurs well 
for the future of the coal industry in India that the matter has attracted the 
serious attention of the Government and of industrial experts who have 
apphed their minds to devise ways and moans to prevent waste of this national 
asset 

Compared to the coal minmg industry m other countries, the coal mimng 
industry in India is one of recent growth and its development and expansion 
on modern scientiQo Imes can be said to have commenced only about half a 
century ago The lack of proper transport facilities was one of the mam 
hmdrances to the development of the coal industry m the earher part of the 
19th century when some attempts were made at mimng coal m the Bengal 
coalfield near about Raneegunge The existence of coal has been known to 
the people of the country smee ancient times and as has been observed by 
the authors of the ‘Report of the Indian Coal Mimng Committee of 1937’ 
‘Names of villages and locahties as Kahpahari (black bill), Damodar (fire m 
womb), Barakar (big mme) and Angarpathra (charcoal stone) mdioate that m 
olden times coal was used for fuel and reduomg iron ore ’ 

The history of the coal mdustry in India dates from the year 1774 when 
Messrs Sumner and Suetonius Grant Heatly (who was at the time the 
Collector of Chotanagpur) obtamed permission from the Government to work 
coal mines m an extensive area near Sitarampur in Bengal There were no 
facihties for Railway transport m those days and 2,600 maunds of coal that 
was worked m these mmes were transport^ to Calcutta by nver m 1776 
Eventually the whole project had to be abandoned and tbe first venture 
m coal proved to be an unsuccessful one 

Forty years later m 1814, when the Marquis of Hastings was the Governor- 
General of India, the Government deputed Mr Rupert Jones, a mining expert 
from England to prospect and report upon the Bengal coalfields W ith financial 
help from the Government, he began mining operation in a village near 
Raneegunge and this undertaking was subsequently taken up m 1836 by 
Messrs, Alexander is Co., a Calcutta firm and subsequently by Messrs. Carr, 
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Tagore & Co of which the late Dwarkanath Tagore, the grandfather of our 
lUustnouB countryman and poet Dr Rabindranath Tagore, was a partner. 

By this time another company, Messrs Jessop & Co , had stepped mto 
the field and opened coal mines at Damuha and Narampur and worked there 
up till 1839 when they were transferred to Messrs Gilmore Humfray & Co In 
1843 by amalgamatmg the two firms of Gilmore & Co and Carr, Tagore & Co , 
Messrs Bengal Coal Company who still own and work a very large number of 
coal mines m the Raneegunge and Jhana coalfields, came into existence 
Messrs Bengal Coal Co may thus be regarded as one of the pioneers in the 
Indian coal mdustry and they form the link between the old and the new workers 
m the field Then chronologioally we come to the Gindih field where in 1871 
the East Indian Railway acquired extensive coal land and opened mines which 
are being still worked 

Though coal mining operations were first started in the Raneegunge field 
and actual mining operations m the Jhana field commenced as late as 1890, 
the Jhana coalfield gradually acquired its position of special importance and 
it now accounts for three-fourths of the total output of coal from the Provinces 
of Bihar and Onssa. 

The Jhana coalfield covers an area of about 180 sq miles in extent lying 
within the distnct of Manbhum in Bihar On its western border the Jhana field 
practically joms on to the Bokaro-Ramgarh field m the Hazanbagh district 
where the Railways have been working their own mines smoo 1916 

The existence of rich deposits of coal m the Jhana coalfield was known 
as early as 1839 and an attempt was made to obtam a lease for mining coal 
within Jhana State in 1868, but the Court of Wards which was then in charge 
of the State did not grant any lease. The creation of the Department of the 
Geological Survey of India by the Government and the geological survey of 
the Jhana coalfield by experts like Mr T W H Hughes m 1806 and by 
Dr. V. Ball in 1887 and Mr T H Ward in 1890 gradually drew the attention 
of enterprising busmessmen to the prospect of coal mdustry in the Jhana 
field,and also impressed upon the East Indian Railway the necessity of extending 
their branch lines from Barakar to Katrasgarh m 1894 and from Kusunda to 
Patherdih m 1896, m order to facihtate the development and expansion of coal 
mdustry, as without transport facilities it is absolutely impossible for the 
mdustry to make any headway. 

Though m recent years there has been a very brisk development of the 
coal mm i n g industry m the Central Provmces and some other places m India, 
yet the Raneegunge and Jhana fields have still retained their positions of 
importance and m 1936 the Jhana and Raneegunge coalfields accounted for 
78*96% of the total output. It will be mterestmg to note here that the yield 
of the Jhana and Raneegunge fieMs m relation to the total Indian output 
has been climbing down smce 1920, it being 83*67% of the total m 1920, 84*76% 
m 1923, 79*23% m 1930 and 78*96% in 1936. 
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The early methods that were adopted for mming coal were comparatively 
simple and coal was raised gradually by working quames at shallow depths 
and later gallenes were driven from the quames and work was mostly earned 
out in the daytime and mght work was only introduced still later 

With the expansion of Railways and better transport facihties, better 
and improved methods of mining were undertaken by enterprising business* 
men and mimng gradually became a more difficult and hazanlous job 

The enactment of the Indian Mmes Act in 1901, which provided for better 
and more scientific methods of workup under properly quahfied and trained 
colliery managers, marked a now epoch in the history of the nuning industry 
m this country and ensured better safety for workers and more methodical 
working under the supervision and contral of a Government Inspectorate 
headed by a Chief Inspector of Mines The office of the Chief Inspector of 
Mmes was at first located at Calcutta where it remainetl until 1907 when it 
was removed to Dhanbad, so that better and more effective control could be 
exercised over the coal mines which have been daily mcreasing m number 
round about the Jhana coalfield 

As workings became old and dopillanng operations were sought to be 
earned out, and the chances of accidents and collapses and of fires m mines 
increased, considerable amendments have been effected in recent years m the 
Indian Mines Act and in the various Rules and Regulations framed thereunder 
to mini mis e the chances of such accidents The recent enactment of provisions 
for compulsory stowing of deep mines and of setting up of two Rescue Stations, 
one in the Jharia field and another in the Raneegunge field, are attempts to 
check the growing evil of underground accidents by subsidence and fire 

I do not think, m speakmg about the present status of the coal industry, 
I should allow myself to dnft away into the details of the vanous legislative 
measures that have been enacted m recent years to ensure and provide for the 
better safety of workers, adoption of bettor and more improved methods of 
mining and other amehorative measures for the welfare of labour and com* 
pensation to workers m case of accidents All that I need say is that they have 
to a oertam extent added to our cost of production and when we take into 
consideration the Provmcial enactments such as the Bihar and Onssa Mining 
Settlement Act or the Bengal Mi mn g Settlement Act or the Jhana Water Supply 
Act or the Amended Road Cess Act, the burden that has been thrown upon 
the industry will appear by no means to be moonsiderable 

As I have already stated, the two coalfields of major importance are the 
Raneegunge and the Jhana coalfields though, m recent years, m spite of the 
comparative infenonty of its coal, the Central Frovmces has, because of its 
geographical position, turned out to be a formidable nval of Bengal and 
Bihar coal m the important coal*oonsuming centres of Western India, such as 
Bombay and Ahmedabad 

The broad difference between Raneegunge and Jharia coal is that, while 
Jharia coal is caking coal, the Raneegunge coal is mostly non>oaking or partially 
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caking. Raneeguim;e coal is ncher in volatile matter and because of its low 
volatile mattei Jbana coal gives lietter results m an ordinary locomotive boiler, 
but Baneegunge and Jhana coal each has its own use and is good for its own 
purpose 

The important position that the coal industry occupies today was not 
attained m a day I have attempted to give you a very brief outlme of its 
struggles dunng the early years of the I9th century when some pioneer attempts 
had failed, because of transport and other difficulties and the predilection of 
the consumers, who were also then very few and m favour of the superior 
quality of imported WdUsh coal 

The history of the present coal industry therefore really dates from the 
beginning of the 20th centmy and a mere glance at the annual figures of the 
output of coal dunng tlie Isist 40 years will show how rapid has been the develop- 
ment According to the Rejiort of the Coal Mining Committee, between 1880 and 
1919 the production of coal m India doubled every 10 years The reason which 
led to this phenomenal growth of the coal industry during these years were — 
(i) Development m the export trade of coal 

(u) The expansion of Railways which are the biggest consumers of 

coal at present 

(ill) The development of iron and steel mdustry which is the second 
big consumer next to the Railways 

(iv) The establishment of cotton, jute and other nulls 

(v) The development of other various industnes and faotones and 

(vi) The last, though not least, an increased use of coal as domestic 

fuel, m the shape of soft coke 

In comparison to the vast size of the Indian population, the figure of coal 
used for domestic consumption at present is almost neghgiblo There is a 
very great potential market for low grade coal of the country m the domestic 
hearth of India’s teeming millions and if this market can be properly tapped 
I am sure it will go a great way to remove the hardship under which many 
second class collieries are labounng at present The work that is being done 
by the Soft Coke Cess Committee for populansing the use of soft coke as 
domestic fuel has to a certain extent stimulated the mtemal demand for 
domestic coal and the poenbiUtira that he ahead are still very great. It may 
be mteresting to note here the approximate figures of coal consumed by the 
vanous industnes dunng the year 1936 


Railways 

Tons. 

. 7,482,000 

Iron and steel industnes 

.. 6,681,000 

Other industrial and domestic consumption 

.. 2,760,000 

Cotton mills 

1,697,000 

Bunker coal 

990,000 

Bnok mann&ctuie 

868,000 

Jute nulls 

. . 746,000 
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Tons. 

Inland steamers 667,000 

Tea and paper industnes 379,000 

Though the Railways have been and are still the biggest consumers of 
coal, yet the development of their own colhenes by the Railways has adversely 
affected the general trade duo to the loss of a considerable portion of the 
Railway custom 

The exports of Indian coal to foreign countries began to mcrease gradually 
from the beginning of the present century and from an annual average figure 
of 305,000 tons prior to 1900, it reached the figuro of 1,224,758 tons in 1920 
which was the highest over recorded 

The chief places of export outside India were Colombo, Singapore, Penang, 
Sabang, Rangoon and some other places, while coal was exported coastwise to 
inland ports like Madras, Bombay and Karachi 

Closely following on the Great War and taking advantage of the immobile 
position of the trade due to scarcity m the supply of Railway wagons for 
transport of coal, consequent on the greater demand for Railway wagons for 
other trades and industries, two formidable nvals in the shape of Welsh and 
Natal coal appeared in the important coal-consummg centres of Western 
India. The Welsh coal could compete favourably because of its supenor 
quality, while the South African coal was placed m a position of advantage 
because of the bounty it reoeivod from the South African Government by way 
of rebate m shipping finight Though the cost of production of Indian coal is 
very low m companson to the cost of production m the other countries, yet 
the exorbitant railway freight on Indian coal made it possible for sea-borne 
foreign coal to oust successfully the Indian coal from some of its paying internal 
markets While faced on the one hand with this keen competition mth 
foreign coal m the mtemal markets, the Bengal and Bihar coal had also to 
reckon with the competition from C.P. coal, because of the special advantage 
enjoyed by it owing to its proximity to coal-consummg centres bke Bombay and 
Ahmedabad and the consequent cheapness m Railway freight On top of this 
came the embargo that was placed by the Government of India m 1920 on 
the export of Indian coal to foreign countnes with the result that the Indian 
coal trade in overseas markets was completely lost The position of the 
Indian coal trade became so very cntical m or about this time that it shook 
the attitude of the stohd indifference taken up so long by the pubhe and the 
government In March 1924 the Indian Legislative Assembly recommended 
to the Tariff Board the investigation into the question of offering some protec- 
tion to the Indian coal trade against foreign competition. The result was 
the subsequent imposition of a countervailing duty of annas eight per t<m 
on aU foreign coals imported mto India But as was expected, the rehef was 
extremely inadequate 

In the very same year, t.e September 1924, the Government of India 
appomted an expert committee under the chairmanship of Sir Frank Noyce 
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to enquire and report on measures to stimulate the export of Indian coal to 
Indian and foreign ports and in particular to see what effective measures could 
be taken for pooling and grading Indian coal for export and bunkering. The 
Noyce Committee earned out a thorough investigation into the matter and 
on the recommendation of that Committee the Indian Coal Grading Board was 
constituted and the Coal Grading Act was passed providing for certification 
of coal mtended for export 

The Indian Coal Grading Board under the able giudance of the Chief 
Mining Engineer to the Railway Board, who is the Chairman of the Board, 
and his Inspection Staff, both on the collieries and at the Kidderpore Docks, 
are domg valuable work Through the efforts of the Board Indian coal has 
been able to wm back much of the confidence that it had lost m the foreign 
markets and has been able to retrieve partially its position m those places 

The export trade has considerably improved during recent years In 
1937, the total shipment of Indian coal to various Indian and Chmese ports 
was over milhon tons In 1938, there was a heavy demand for coal from 
China and the total export figure reached 2,210,130 tons as against the annual 
average of 3,28,000 tons for the previous five years 

The output of Indian coal has been rising higher and higher every year 
and the year 1937 was perhaps the peak year with a total figure of 
over 26 milhon tons But this rise m output is no index to the prosperity of 
the trade and has been, on the contrary, one of its sources of weakness as it 
has led to keen mtemal competition and suicidal cutting down of prices below 
the actual cost of production 

Overproduotion has been characterised by some as a special disease of 
the Indian coal trade I cannot do better than quote m this connection the 
observations of the Coal Mining Committee — 

‘Economic science says that “supply price” is cost of production 
plus a reasonable profit, but there seems httlo or no margm of profit m 
fuioes which most coal of good quahty has been fetching dunng the past 
few years These low pnees are due to interaction of keen competition 
and decreased demand due to general depression Potential production 
exceeds demand and competition compels the quotation of prices based 
on potential rather than actual production * 

The truth of these observations will be apparent from the fact that 
dunng the last five years the average sellmg pnoe of first class or selected 
grade coal was Bs 3>12<0, Bs.3-4-0, Bs 3-2-0, Bs 6-8-0 and Bs 6-0-0 per ton, 
for oolhery sidmg, while average raising cost comes to ovw Bs 6-0-0 per ton 
The Indian coal mdustry stands at present faced with a vanety of prob- 
lems the chief amongst which are the better utilisation of the low grade 
coal, (2) prevention of the present wasteful methods of working, (3) the re- 
covery of the by-products of coal, and (4) conservation of the caking coal 
for metallurgical purposes 



CHEMICAL CONSTITUTION OF COAL 
N N Chatteejbb * 

In order to understand the nature of the coal constituents chenustafoUowed 
vanous methods which may be classified under throe pnncipal heads — 

(i) Chemical attack by means of vanous reagents which oxidise, 
decompose or otherwise alter the coal substance 
(u) The action of vanous organic solvents which are supposed to extract 
fractionally certam constituents without radically altering them, 
(ui) The action of heat on the ongmal coal or of some extracted portions 
at certain dofimte temperature and the examination of the pro> 
ducts so obtained This includes the process of coal distillation 
and the examination of vanous distillates 
Regarding the first method the reagents chiefiy employed have been 
sulphuno acid, mtrio acid, caustic alkalies, bromine, ozone, oxygen, etc. Coal 
bemg a heterogeneous mixture of several complex compounds most of which 
are imperfectly soluble m any known reagents The scientists made attempts 
to transform some of them by vanous chemical treatment into simpler definite 
products capable of further mvestigation and identification Such attempts, 
however, have been unsuccessful because by such treatment the yields were 
either too small or the products were themselves in an advanced stage of decom- 
position, thereby givmg no clue as to the real nature of the orgamo compounds 
originally present in the coal substance 

Regarding the third method the coal is subjected to destructive distillation 
and the vanous coal constituents are decomposed at different temperatures 
and give nse to vanous chemical compounds of different thermal stability 
In tins process also the resultant chemical compounds do not enhghten us m 
the matter of obtaimng defimte information as to the real nature of the 
compounds originally present m coal 

The second process of attacking the coal by vanous orgamo solvents is 
undoubtedly preferable to either of the above two processes because it enables 
us to extract some portions, if not all, of the vanous constituents of coal with 
minimum alteration or decomposition of the coal substance The difficulty 
is in the selection of a proper solvent that will behave differently to the different 
coal constituents and at the same tune will be able to extract a large 
proportion of them without destroying the whole stmcture 

By smtable solvents and by following proper techmque and at the same 
time avoiding any decomposition of the coal substance this process has been 
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found to separate vanous oompounds from coal and by careful investigation 
the defimte chemical nature of them has been studied and established 

Already a considerable amount of work has been done with regard to the 
action of vanous orgamo solvents on coal substance m order to elucidate the 
nature of the constituents present in it The pnnciple underlying the solvent 
action is to break up the coal substance mto different fractions without 
materially decomposing it Vanous organic solvents such as benzene, chloro- 
form, ethyl ether, ethyl alcohol, light petroleum, acetone, aniline, qumolene, 
phenol, etc , were employed with varied results In 1899 Bedson found that 
pyndino has a remarkable solvent action upon coals and subsequently pyndine 
as a suitable solvent came mto general use It will be out of place here to give 
a detailed aoooimt of this solvent work carried out by vanous scientists in 
different countnes The author of this note earned out some work m this 
line and followed Prof Wheeler in selecting pyndme and chloroform as the 
most smtable solvents for extraction purposes Of the recent works in this 
lino mention should also be made of the researches earned out by Bone and 
Ilhngworth. Prof Bone constructed an apparatus which operates on the 
automatic soxhlet pnnciple under pressure up to 700 lb per sq. in by which 
means he could extract a greater quantity m a shorter penod The solvent 
used by him was benzene Illmgworth earned out investigations m this 
direction and observed that by heatmg the coal at 200‘’C for 24 hours out of 
contact with air the rate at which the extraction proceeded was much increased 
But when extracted for a long penod the amount of extract was fHaotioaUy the 
same under both conditions From his expenenoe it was found that sli^tly 
greater extraction was possible with chloroform than with benzene Parr 
and Hadley earned on some extraction with phenol at 100®C for 20 hours m 
an atmosphere of COg By such treatment they could eliminate resmio orgamc 
sulphur from coal Fisohor and Qluud studied the action of benzene upon 
coals at 288^*0 and about 60 atmospheres 

It may be mentioned that very httle work has hitherto been done to 
find out the effect of solvents on Indian coals. Camck Anderson and 
Henderson followed the method of Bedson and corned out some expenments 
with Bengal and Japan coals. They used commercial pyndine as the solvent, 
boiling at 110-120°C. m soxhlet apparatus It has been pointed out by 
Illingworth that thou^ better extraction is possible with phenol at higher 
temperature (400°C ), yet at temperatures under 120^0 the pyridme has been 
found to be more eficacious in its action. It was suggested by Bone and 
Wheeler that at higher temperature, sometimes as low as ISO^C , there was a 
chance that there might ensue some decomposition in the coal substance. 
19ie author of this paper has done some work m this Une and carried out 
soxhlet extractions with pyndine and chloroform as suitable solvents and 
did not therefore prefer to experiment at hi^r temperatures. The details of 
the techmque followed m the laboratory have already been published.^ 
The coals that were subjected to laboratory investigation included the Tertiary 
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ooala of Assam and NW India and some speoimens of Qondwana coals 
The author of this piper takes this opportumty of expressmg his best 
thanks to Dr Fox for kindly gmng him some specimens of Tertiary coals for 
investigation 

When coal ls subjected to the action of pyndmo m the soxhlet apparatus 
it splits up into insoluble (alpha cellulosic coal or alpha compound) and soluble 
(beta cellulosic and gamma resinic substance) portions The soluble portion 
(beta and gamma compounds) on further treatment with chloroform in the 
soxhlet apparatus is found to break up into insoluble (beta compound) and 
soluble (gamma compound) fractions The coal substance thus resolves into 
cellulosic and resimc components The chemical nature and other different 
properties of those substances have been carefiilly studied and established 
and it will bo out of place hero to enter into those details The respective 
amounts of these comjKiunds present m the different coal speoimens of India 
have been dotermmed quantitatively and the results are enumerated in Table II 
Table I gives the proximate analyses of the coal specimens The method 
adopted for proximate analyses has been described in a previous communica- 
tion * Table III gives the ultimate analyses of these coals In the followmg 
lines a discussion is given of the presence of these chemical constituents and 
their relation with caking and swelling properties of the coals 

The alpha, beta and gamma compounds have been separately exammed 
and their behaviour under heat treatment studied The alpha compounds 
obtamed from all the specimens of cakmg coals do not show any tendency to 
form a coherent mass when subjected to destructive distillation In other 
words it may bo said that the cakmg property of a coal is almost entirely 
destroyed by the leaching action of pyndine on the coal substance The beta 
compounds obtained by the action of pyndme and chloroform on the coal speci- 
mens, when strongly heated in a covered platmum crucible, are found to give nse 
to a swelled mass though the particles are not held together very firmly The 
gamma compound on being heated generally hquates and melts at a much 
lower temperature and is found to yield the cementing substance which bmds 
together the other coal particles When farther heated at higher temperature 
it forms a swelled mass. A mixture of alpha cellulosic coal particles and 
gamma compounds in defimte proportions when heated is found to produce 
a coherent mass. The beta compound is also able to take up some amount of 
alpha oellulosio particles to form a swelled mass when subjected to process of 
carbonisation It is also found that a mixture of alpha, beta and gamma 
compounds in the same proportion as present m the coal substance produces a 
good coke though sli gh tly inferior to the coke obtained from the coal. 

Two speoimens of caking coal (seams Nos XIV and XV) were heated for 
several hours at 106°C -llO^C m xH^senoe of air and the caking property 
eventually destroyed These speoimens were then subjected to the action 
of pyridine and chloroform and the results of these experiments are given 
below,— 
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found to separate various compounds from ooal and by oarefui investigation 
the defimte chemical nature of them has been studied and established 

Already a considerable amount of work has been done with regard to the 
action of various orgamc solvents on ooal substance in order to elucidate the 
nature of the constituents present in it The principle underlymg the solvent 
action IS to break up the ooal substance into different fractions without 
materially decomposing it Vanous organic solvents such as benzene, chloro- 
form, ethyl ether, ethyl alcohol, light petroleum, acetone, ahihne, quinolene, 
phenol, etc , were employed with varied results In 1899 Bedson found that 
P3rndine has a remarkable solvent action upon coals and subsequently pyndine 
as a smtable solvent came mto general use It will be out of place here to give 
a detailed account of this solvent work earned out by vanous scientists m 
different countnes The author of this note carried out some work in this 
Ime and followed Prof Wheeler in selecting pyridine and chloroform as the 
most smtable solvents for extraction purposes Of the recent works m this 
lino mention should also be made of the researches earned out by Bone and 
Ilhngworth Prof Bone constructed an apparatus which operates on the 
automatic soxhlet principle under pressure up to 700 lb per sq in by which 
means he could extract a greater quantity in a shorter period The solvent 
used by him was benzene Illingworth earned out investigations m this 
direction and observed that by heating the ooal at 200‘'C for 24 hours out of 
contact with air the rate at which the extraction proceeded was much increased 
But when extracted for a long penod the amount of extract was {uactioally the 
same under both conditions From his experience it was found that sli^tly 
greater extraction was possible with chloroform than with benzene Parr 
and Hadley earned on some extraction with phenol at 100°C for 20 hours in 
an atmosphere of CO 2 By such treatment they could ehminate resinio organic 
sulphur from coal Fischer and Qluud studied the action of benzene upon 
coals at 288°C and about 60 atmospheres 

It may be mentioned that very little work has hitherto been done to 
find out the effect of solvents on Indian coals Carriok Anderson and 
Henderson followed the method of Bedson and earned out some experiments 
with Bengal and Japan coals They used commercial pyridme as the solvent, 
boiling at 110-120°G. in soxhlet apparatus. It has been pointed out by 
Hlmgworth that though better extraction u possible with phenol at higher 
temperature (400°C ), yet at temperatures under 120**C the pyndine has been 
found to be more efficacious in its action It was suggest^ by Bone and 
Wheeler that at higher temperature, sometimes as low as IfiOX , there was a 
chance that there mig^t ensue some decomposition m the ooal substance 
The author of this paper has done some work m this hue and carried out 
soxhlet extractions with pyridine and chloroform as suitable solvents and 
did not therefore prefer to experiment at higher temperatures The details of 
the techmque followed m the laboratory have already been pubUdied^ 
The coals that were subjected to laboratory mvestigation included the Tertiary 



N N OHATTBKJEK OHKMIOAL CONSTITUnON OF COAL 


487 


ooala of Assam and NW India and some speoimens of Qondwana coals 
The author of this paper takes this opportumty of expressing his best 
thanks to Dr Fox for kindly giving him some speoimens of Tertiary coals foi 
investigation 

When coal ls subjected to tho action of pyndine in the soxhlet apparatus 
it splits up into insoluble (alpha cellulosio coal or alpha compound) and soluble 
(beta cellulosio and gamma rosinio substance) portions Tho soluble portion 
(beta and gamma compounds) on further treatment with chloroform in the 
soxhlet apparatus is found to break up into insoluble (beta compound) and 
soluble (gamma compound) fractions Tlio coal substance thus resolves into 
cellulosic and resinio components Tho chemical nature and other different 
properties of those substances have been carefully studied and established 
and it will bo out of place here to enter into those details The respective 
amounts of these compounds present in the different coal specimens of India 
have boon determined quantitatively and the results are enumeratetl in Table II 
Table I gives the proximate analyses of the coal specimens The method 
adopted for proximate analyses has been described m a previous oommumoa- 
tion * Table III gives the ultimate analyses of these coals In the following 
Unes a discussion is given of the presence of these chemical constituents and 
their relation with oakmg and swelling properties of the coals 

Tho alpha, beta and gamma compounds have been separately exammed 
and their behaviour under heat treatment studied The alpha compounds 
obtamed from all the speoimens of cakmg coals do not show any tendency to 
form a coherent mass when subjected to destructive distiUation In other 
words It may be said that the oakmg property of a coal is almost entirely 
destroyed by the leaching action of pyndme on the coal substance The beta 
compounds obtained by tho action of pyridine and chloroform on the coal speci- 
mens, when strongly heated in a covered platinum crucible, are found to give rise 
to a swelled mass though the parUcles are not held together very firmly The 
gamma compound on being heated generally hquates and melts at a much 
lower temperature and is found to yield the cemontmg substance which binds 
together the other coal particles When further heated at higher temperature 
It forms a swelled mass. A mixture of alpha cellulosio coal particles and 
gamma compounds m defimte proportions when heated is found to produce 
a coherent mass The beta compound is also able to take up some amount of 
alpha cellulosio particles to form a swelled mass when subjected to process of 
carbonisation. It is also found that a mixture of alpha, beta and gamma 
compounds m the same proportion as present m the coal substance produces a 
good coke though slightly i^enor to the coke obtained firam the coal 

Two specimens of caking coal (seams Noe XIV and XV) were heated for 
several hours at lOfi^’C -llO^C in {xesenoe of air and the caking property 
eventually destroyed. These speoimens were then subjected to the action 
of pyridine and chloroform and the results of these experiments are given 
below; — 
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{Coal oxidised al IQS^Q -llO^C and caking property destroyed ) 


% 

Seam XIV. 

Seam XV 

Alpha compound (a) 

93 00 

84 02 

Beta compound ()3) 

060 

6*70 

Gamma compound (y) 

650 

9*28 

Total p 3 mdine extract ()9+y) 

700 

16 98 


Untreated coal 


% 

Seam XIV 

Seam XV 

Alpha compound («) 

93*43 

84*32 

Beta compound (/3) 

0 20 

6 68 

Gamma compound (y) 

6*37 

900 

Total pyndine extract (/3+y) 

6 67 

15 68 


Disoussioh of Rbsttlts. 

It will be out of plaoe here to enumerate m detail the views held by previous 
workers on this subject as an excellent lustoncal summary has been published 
by Bakes * It may be mentioned that Prof Wheeler and his school carried 
out extractions of coal with pyndine and chloroform and a comprehensive 
work on the extraction with benzene under pressure was earned out by Fischer 
and Bone and their associates Illingworth also conducted experiments after 
Wheeler with pyndine and chloroform and put forward certain generahsed 
statements which require verification Illingworth concludes that for the 
coals with C/H ratio higher than 10, coke can only be formed when more 
than 5*5% of gamma compound is present. The gamma content is maximum 
in coals when C/H ratio is between 17 and 18. An morease of C/H ratio will 
decrease the gamma content According to him the beta compound is found 
to occur in greatest amount in coals with C/H ratio between 14 and 15. He 
also concludes that increase of C/H ratio decreases the beta content of coal 

Refemng now to the analytical results given in Table II it will be seen 
that many of the caking coals contain gamma compound more than 5% which 
go to support partially the views of Blingworth The relationship proposed 
by him between the pyndine extracts and C/H ratio does not seem to hold 
good in every case. There are certain exceptions which suggest that the resuuc 
coking theory as put forward by Illingworth should be accepted with reserve. 
Besides, the results obtained by Foxwell 4 in this direction do not go to support 
the views of Illingworth in all their entirety. 

So &r as the oakiiig principle is concemad Cockram and Wheeler * conclude 
that caking property is due to the presence of resins and hydrocarbons contained 
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in the coals or derived from these substances during the early stages of heating 
Foxwell * lays importance on the extrusion of molten matter in the first stage 
of cokmg consisting of gamma from the interior of coal He thinks that the 
cokmg power of a coal is due not so much to the actual amount of the gamma 
fraction which it contains as to its mode of extrusion when the coal is heated 
It may be pomted out that Foxwell obtained a tolerably good coke from a 
South Welsh coal containing only 0 1% of gamma compound The author of 
this note also found that the strongly caking Jammu coal contained only 0 37% 
of gamma and 0 73% of beta compound Foxwell also observed that there 
are some coals containing a large amount of gamma fraction which do not 3 neld 
coke A reference to Table II wiU show that Borjan non-caking coal of 
upper Assam contams an appreciable amount of beta and gamma compounds 
Foxwell suggests that some structural peculiarity in the coal may prevent the 
extrusion of the gamma fraction m the proper manner and that this may be 
one of the factors responsible for the non-oaking nature of such coals 

Foxwell lays much stress on the presence of the gamma fraction and does 
not discuss m detail the nature of the beta fraction and its r61o m the caking 
and swelling properties The author of the present paper, however, finds 
that the swelling and caking properties of coal are connected with the presence 
of both the beta and gamma fractions and not the gamma compound alone 
Sinnatt’s ? suggestion that the gamma compound alone is responsible for swelhng 
and caking does not seem to tally with the author’s experimental observations 
Beta particles on bemg heated are found to produce a highly swelled and coherent 
mass showing clearly that the swelhng property of coal is to bo ascribed to the 
presence of the beta compound, a sug^stion already made by Shimura 8 and 
Barash • The fact that beautiful cenospheres are obtained by Bakes from 
beta fraction goes to oppose Sinnatt’s view As the beta pari icles get cemented 
together during the process of heatmg it is clear that a certam amount of binding 
or cementmg substance is derived from this compound The analytical results 
given in the tables accompanying this paper show that there are few exceptions 
to this statement The three specimens of Ramganj coals (Poniati, Ninga 
and Qhusick seams) contam a sufficient amount of beta and gamma compounds 
yet they swell only slightly during caking Following Foxwell’s suggestion it 
may be said that some structural peculiarity in the coal substance may be 
held partly responsible for this There are reasons to beheve that the physical 
condition of the alpha cellulosic fraction m those specimens has a great influence 
on the beta and gamma compounds m inventing the formation of a highly 
swelled and coherent mass. 

The coal specimens (seam Nos. XIY and XV) on slow oxidation are 
found to have lost their caking property The amounts of pyridine extract m 
these specimens remain more or less the same before and after the oxidation. 
As suggested by Barash the only explanation that can be given is that by 
the oxidation of the coal substance at an elevated temperature the physical 
condition and structural peculiarity of the alpha fraction become altered 



400 


N N OHATTBBJHK CHEMICAL CONSTITUTION OF COAL 


suffioiently to behave in a different manner than in the untreated coal Rimilftr 
mstanoes have also been recorded by Barash, the only difference bemg that 
Barash kept the coal spooimens exposed to air for a considerable length of tune 
instead of heating as in the case of the present author’s experiments Barash’s 
suggestion that the alpha compound develops mcreased absorptive capacity 
appears to be reasonable 

From what has been said and discussed above it appears that the alpha 
fraction without bemg an mert substance, as has hitherto been supposed to be, 
plays an important role in the process of carbonisation, details of which have 
yet to bo thoroughly studied 

With regard to the gamma content it may be pomted out that almost 
all the specimens of cakmg coal mcluded m the present jiaper contam more 
than 6% gamma fraction and that all the coals are not equally caking as 
shown by the different values of their caking indices (Table 1) An exceptional 
case has boon recorded This specimen (seam No X), however, contains a 
sUght amount of beta compound which is responsible for the non-swellmg nature 
of this coal A scrutiny of the analytical results given m the tables will show 
that the gamma fraction is mainly responsible for the development of cement- 
ing material m the coal substance. From the behaviour of the gamma fraction 
dunng heat treatment it is found that some amount of swelling is also due to 
the presence of this compound 

From what has been said and discussed in the foregoing pages it is clear 
that the generalised statements put forward by Illmgworth and the suggestions 
made by various other authors regarding the relationship between the pyndme 
extracts and caking and swelling properties do not appear to be strictly 
apphcable in the case of coal specimens descnbed in this paper 

Though the suggestions made by Bakes are in general harmony with 
the observations recorded m this paper regarding the cakmg and swelhng 
properties of coal, yet slight modification is necessary as suggested below for 
the proper explanation of the facts observed by the present author Bakes’ 
conclusion is that during the plastic stage two types of plastic material may be 
present The first (caking constituent) consists of a dispersion of gamma 2 
and gamma 3 in gamma 1 The second type of plastic material (the swelling 
constituent) results frum the fusion of portions of coal similar in nature to the 
beta fraction which may be obtained by pyndme extraction The author of this 
paper has already pomted out m the foregoing pages that the beta compound, 
besides bemg responsible for the swelling property, also gives rise to some 
oementmg substance and that the gamma fraction when heated liquates at lower 
temperature and swells to some extent on frirther heatmg at higher temperature, 
showing that gamma is nu^y responsible for the development of the oementmg 
material in the coal substance and partially for the swelhng It is also evident 
that caking and swelling properties are the results of a combination of physical 
and chemical reactions which take place in the coal substance partly simul- 
taneously and partly successively. There are, however, mdioations that the 
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l^ysioal condition and structural peculianty exert some influence during the 
caking process and further work is necessary in this direction before any 
generalised statement can be put forward No definite relationship between 
C/H ratio and the alpha, bets and gamma fractions has been observed at this 
stage of mvestigation. 

Bktbbbnohs 

1 Chattoigee, N N — Quart Jour Qeol Mtn Met 8oe Ind , Vol II, pp 89-98 (1929) 

„ —Quart Jour Oeol Mtn Met Soc Ind, Vol VI, pp 99-111 (1934) 

■ Chatterjee, N N —Quart Jour Qed Mtn Met Soe Ind , Vol in, Ft 2, pp 37-48 
(1931) 

> Action of solvents on coal, London (1933) 

A Fuel tn Setence and Practtee, Vol III (1924) 

» Jour Chem Soe,^ 700 (1927), p 884 (1931) 

* Op eit 

I Tran Inet Mtn Eng , pp 73, u, 147 (1927) 

> Jour Fud Soe Japan (1920) 

> Fud tn Setence and Praettee, Vol VI, p 632 (1 
10 Op ett, pp 134^146 

II Op oa 
Op eU 

1* Op eW , p, 166. 



L (ProtiiMU AnalyUM) 


111 1 

'anpannii* 

uuiuivx 

2111 

1 

•mao 

8up|V9 X|SB01|8 


NW India. 

(qnfttna) 

fopma 

Tirr 

I 

•p»K W« 

SnpTO 


TPWH 

3 & » S 

s s « s 

1 


*“W*3 


IsjuaqoK 

8 g 8 3 
“ 3 S 8 

1 

qoM w»rt 

SapTO 


1 

31 

(SupfiD-aoit) 
tB03 UBpoa 

3 3 K 3 

^ 3 « 5 

§ 

n«ao 

ilu^io noK 


|WO 

SnoptuB^ 

M 5. O 3 

§ 

qnHjniBa 

pnB 8a{i(B3^^^^8 

S 

(«noa|sai) 
into nBpofl 

8 3 3 3 

^ 3 « 3 

1 

jpiia d»»a 

8ain3Ma 

iCpilStis pnB Snpim 

3 

imaiBX 

8 8 3 3 

3 •“ S 

8 

§ 

OMOig 

8up|S>-nOK 


sli 

orMnjfroqnf 

8 8 8 3 
« 3 3 3 

8 

8 

uMoia 

Kanio no>i 


I 

afBvn^ 

8 3 8 8 
« a S 8 

8 

8 

ainiML 

annua non. 


I 

cmutj^Lroa 

$ 8 8 8 
« a ® 6 

i 

§ 

VJH 

8n|3tsa-aoM 


O(Uttl0 

8 3 8 3 

--ass 

8 

8 

mT«0 

8u;pMg 

non pun Sfnpin^ 

a 

BWFA 

S g 8 S 

- a 3 

? 

§ 

aipiM 

SnnpMB^^^ 

3 

10098 ipfsnqo 

2|li 

T 

Xuo 

^i;i{8n« pi«**Ki|PiBo 

CO 

lUUS VSOIK 

2 III 


Ona 

ampuM 
P“» »“Pl»D 

* 

nrea8n'>iaoJ 

3 3 9 8 
"^38 

F 

iCaiO 

P»" 

» 

lane 

qjvIUaqsfa 

8 ? 8 8 
"838 

$ 

8 

sna 

pun Atp^n^ 

3 

Glri- 

X»Tn<»3 

qipBDiUH;! 

$ ? 3 3 

a “ 8 

T 

8 

•^inw 

SnnpMB-B^q 

POB 4(8xKun sDiqBD 

7 

I 

AXmws 

8 $ 3 8 
- a 3 8 

f 

Auo 

Suifpiit pno Snpin^ 


AIXniBae 

3 3 8 3 
- 8 3 8 

§ 

TpiW^npia 

gnygaif 

*iiOQ p0v Su^n^ 

r 

UZoiwe 

3 3^3 

^ ^ g 

T 

Xaio 

8u|rpat 

qani pn» Bnno 

A 

IX tows 

TTIT 

I 

•sjpwai 

SnmMS 

-non pm anpio 


Xm^ 

3 3 8 S 
*** & S i 

I 

Xaio 

SiiHiaMS tnoinH^ WTO 

T 



i* 

II. 1 

1 

TJ 

1 

i 

I 

J 

1 







METHODS OP ANALYSIS OP COAL 

On the NEOESSITY 07 STANDAHDISmO A METHOD FOB THE FBOZIMATB 
ANALYSIS OF COAL IN INDU 

By N N. Chatterjee * 

The soientifio workers m India engaged in coal research are sometimes 
faced with the problem as to the selection of the best method for oanying out 
the proximate analysis of coal After the establishment of the Coal Grading 
Board m 1925 by the India Government the grading of coal on the basis of 
proximate analysis has been m practice and business transactions are earned 
out on the production of a certificate from the Coal Grading Board 

The Coal Grading Board, however, issues the certificates on getting the 
analytical report from the laboratory of the AUpur Test House Almost all the 
coal seams in the imiwrtant coalfields of Bengal, Bihar and C P. have been 
graded in this way depending on the analytical results obtamed from the 
said Test House The coal producers and consumers are thus guided in the 
inland and foreign market by the certificates issued by the Coal Grading 
Board The scientists working m different laboratones were always under 
the impression that the method followed by the Ahpur Test House must 
have b^ a standard one free from inaccuracies Later on m 1930 the method 
adopted by the Ahpur Test House and on which the grading of coal seams is 
earned out was pul^hed by Brodie ^ in the Records of the Qeotogxccd Survey 
of India The method outlined by Brodie does not appear to be satisfactory 
and differs from the standard methods of England and Amenoa. A discussion 
of Brodie’s method was commimicated by the present author to the Geological, 
Mining and Metallurgical Society of Iiu^ on the 18th September m the same 
year* 

The present author is not aware if any modification or improvement has 
smoe then been made m the Ahpur Test House method. The writer therefore 
wants to put forward this discussion on the subject and has made an attempt 
m the following lines to show the necessity of standardising a method for the 
proximate analysis of coal m India. The attention of the scientists engaged 
m coal research m India should be drawn to this part of the problem and the 
present wnter suggests that a standard method should be followed or a suitable 
method be evolved and standardised for use m the different laboratories of 
India for obtaining a much better and uniform result. 

The method of prozunate analysis of coal attracted Ihe attention of the 
early scientists. It was also realised by them that the percentages of moisture 
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and volatile matter vary considerably depending on vanous factors and the 
methods of analysis. The values obtained by proximate analyses were therefore 
regarded as more or less arbitrary. Hence the chemists and scientists of 
different countries evolved some standard methods for the analysis of coal so 
that people working at different centres in the same country may obtain 
some concordant results by following one standardised method Thus we 
have got a few methods as recommended by the Umted States Bureau of 
Mmes,> by the Fuel Research Board of Englimd/ the South African Branch 
of the British Engineenng Standard Association , b and the Umted States Steel 
Corporation ^ But unfortunately in India we do not find any such standard 
method for proximate analysis of coal With the mception of the Coal Grading 
Board the utihty of representative samples has been realised by everybody 
and at the present day mine samphng and laboratory sampling are being 
gradually mtroduced eveiywhere. In 1910 Cunningham Hughes f published 
an article on proximate analysis of coal Li this paper he made an attempt to 
put forward a method of analysing coal but as the method was not highly 
perfect it did not receive much recogmtion 

In the article dealing with the method of Brodie we find that he felt the 
necessity of one standard method for such analytical work But the author 
of this note fads to understand why a method was adopted differmg greatly 
from the standard methods recommended by the U S. Bureau of Mines or the 
Bntish Fuel Research Board. In that paper sufficient reasons have not been 
given for such deviation. 

The method of determination of moisture content m a specimen of coal 
was discussed m the 8th International Congress of Apphed Chemistry m 1912 
and it appears from the report ^ that one gram of coal should be heated m a 
constant temperature oven at 106°C.-107*’C. for one hour, then it should be 
allowed to cool m a desiccator and weighed and the percentage of moisture 
calculated. A similar method is also recommended by the Amencan Chenuoal 
Society 9 and is m general practice in America and otW countries.io Shallow 
vessels are used m all cases for the determination of moisture. 

In the Alipur Test House method about two grams of powdered coal are 
weired m a weighing bottle and heated in an air oven at a temperature of 
105'*C. until all the moisture has been dnven off and a constant weight obtained. 
This requires about two hours In the descnption no specification raiding 
the dunension of the weighing bottle has been made This omission is regret- 
table. There are several types of weighing bottles, if the bottle be of narrower 
type a quantity of two grams will form a thick layer in the bottle and it will 
take a much longer time for the complete evolution of moisture. The writer of 
the present note has found eiqienmentally that in the case of high moistiue 
coals, following Brodie’s method, it takes a much bnger time (more than three 
hours) for the complete expulsion of moisture. Whereas imiug a pair of watch 
glasses of 2' diameter and taking one gram of coal, according to the method 
of tile Irtish Fuel Research Board, the moisture content was completely driven 
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off in about an hour’s tune. It is well known that in the determination of 
moisture the loss in weight is actually the sum of two opposite factors, namely, 
one due to the evolution of moisture causing decrease in weight and the other 
due to prolonged heating causing an increase m weight by the moipient oxidation 
of coal particles without any evolution of gas Hence we find that m order to 
avoid slow oxidation the moisture determination should be finished m the 
shortest possible time 

Now about the receptacle for coal it may be pomted out that the vessels 
should be properly and carefully selected and the author suggests that the 
recommendation of the British Fuel Research Board m this matter should be 
followed.^ Smtable vessels recommended by the Board are as follows. — 

(i) Qlass petn dishes about 10 mm high 
(u) Shallow silica dish 
(ui) Shallow stoppered weighing bottles 

(iv) Watch glasses with ground edges held together with a ohp Watch 
glasses with ohp were also found to be the most effective drymg 
vessel by W F Hdlebrand.^* 

The Board pomts out that the weight of coal and the dimension of the 
dish should be arranged to give a layer of coal weighing not more than 0*3 gr. 
per sq. cm of exposed surface 

A thin layer of coal on the watch glass will faoihtate the almost complete 
evolution of moisture m about one hour’s time It has been already shown by 
the author that m the narrow type of weighing bottle the moisture could 
only be expelled by prolonged heating for several hours. And m such pro- 
cedure partial slow oxidation might ensue vitiating the result for real moisture 
value The author edso pomts out that if the American method is followed, 
m the high moisture coals, the expulsion of moisture may not be comidete m 
exactly one hour’s time, but on the other hand some types of coal may require 
a little longer time The author therefore suggests that m the determination 
of moisture the American method should be a httle modified as given below: — 

About one gram of the air-diied sample of coal (60 mesh) should be taken 
m a pair of watch glasses, of about 2-moh diameter fitted with ohp. Any 
other shallow vessel may be used but the recommendation of the Bntish Fuel 
Research Board to which attention has already been drawn should always 
be borne in mind The watch glasses with the coal substance should be 
heated in a constant temperature oven for one hour at lOS^C.-llO^C. The 
pair of watch glasses is tt^»n out of the oven and allowed to cool m a desic- 
cator nharg wd ^th oono. sulphuno aoid and the first reading is thus obtained. 
Then every ten minutes the coal should be taken out of the oven, allowed to 
cool in the desiccator and weighed. The end point will be reached when a 
little inocease in wei^t will noticed showing conclusively that the slow 
oxidation has started in the coal substance. The previous reading should 
therefore be taken into account and calculation should be made accordingly. 
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It has been found m practice that it is generally difficult to get a constant 
weight in the course of an operation to find out the moisture and hence it is not 
easy to follow the suggestion of Brodie to determine the moisture by heating 
to a constant weight 

About coohng the dried coal m the desiccator one word of explanation is 
necessary It is well known that powdered coal is capable of taking up a httle 
moisture from the air but when perfectly dry or when dried at 105*C. it becomes 
highly hygroscopic and it has been experimentally found by the author that 
such dned coals, on exposure to air for even a short period, will show appreciable 
mcrease m weight Thus powdered coal (1 15 gram) exposed to air for two 
days was found to absorb 0 0017 gram of moisture while an equal weight of 
coal from the same specimen bottle when dned and exposed to sir for one hour 
absorbed 0 0647 gram of moisture 

It has been shown by the South African Committee on coal, by 
N W Lord 1® and also by W F Hillebrand i® that coal dust after complete 
drying is excessively hygroscopic, probably even more so than calcium chlonde 
From the above consideration it is needless to point out that m the detenmna- 
tion of moisture the desiccator should in all oases be charged with cone 
sulphunc acid and not with calcium chlonde This pomt has been lost sight 
of m the method published by Brodie 

In the process of weighing a httle precaution is necessary to guard against 
the possible sources of error due to the leabsorption of moisture by the dned 
coals from the atmosphere, especially m the wet season Hence m the deter- 
mination of moisture the specimen should be weighed as quickly as possible 
It should be mentioned in this connection that the ‘inherent’ moisture of coal 
should always be determmed and the result given everywhere should mdicate 
the percentage of the ‘inherent moisture’ only To get nd of the superficial 
water the sample as received should be crushed coarsely and allowed to remain 
exposed at room temperature for at least two days before being subjected to 
chemical analysis for the determination of 'inherent moisture’. 

Now regarding the determination of volatile matter Brodie has advocated 
two stages of heating The first stage of heating is done over a small bunsen 
flame for three minutes and in the later stage much stronger heating is applied 
for four minutes by subjectuig the crucible to the hottest part of the burner 
3 ^' m internal diameter giving a flame 7' high; the crucible is then allowed 
to cool, the hd removed and the film of carbon adhering to the lid and a Hitnilar 
one on the side of the crucible are cautiously burnt o£F. The crucible is allowed 
to cool again in the desiccator and when cold it is weighed. It is quite clear 
that the procedure is not sufficiently deflmte from a scientifio pomt of view. 

We know that the volatile matter consists of gaseous and liquid products 
evolved from coal when it is subjected to destructive distillation and that coal 
is a mixture of substances possessed of different thermal stabilily. Volatile 
matter m coal therefore vanes according to the temperature emidoyed and 
it also depends on the degree of fineness of coal, nature of apparatus, tixne of 
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heating and the amoont of moisture. It is also known that the higher the 
temperature the greater will be the percentage of volatile matter Therefore 
the determination of volatile matter is a purely empinnal procedure and 
concordant results can only be obtained by ibe adoption of a standard pro* 
oedure by heating the coal at a standard temperature for a standard length of 
time The dimension of the platinum crucible, the length of the flame and 
the position of the platmum crucible with respect to the burner should also 
be stand ar dised Brodie has given sufficient details regarding the dimension 
of the burner and the flame, but very unfortunately he is silent regarding the 
other points 

If we refer to the standard methods adopted in difierent countries for the 
determination of the volatile matter we find that the temperature at which 
the coal is to be heated and the penod of heating are practically the same 
In the Amencan^B and the Bntish Fuel Research Boards* method the heatmg 
IS mamtained at about 950^C for exactly 7 nunutes If we are going to have 
concordant results of a comparable type m the determination of volatile matter 
it 18 better that we should either follow one of the standardised methods as 
outhned in the other oountnes or we should modify it to smt our own require- 
ments But in the report regarding the method adopted in the Ahpur Test 
House we find that the temperature factor has been totally neglected though 
the measurements of the burner and the flame have been accurately given 
A reference to the different standard methods will at once show that m the 
determination of volatile matter it is required from time to time to detect and 
check the temperature of the crucible by means of a thermocouple or by melting 
potassium chromate crystals in the crucible Recent researches of D F Smith 
and F A Hartgen*** of the U S Bureau of Mines have shown that the melting 
pomt of potassium chromate (C P ) is about 963*C A reference to the above 
woric also shows that according to the older views the melting point of potassium 
chromate was found to vary within certain himts (between 940®C and 976®0 ). 
It has been pomted out in the standard methods that specimens of coal 
having a high percentage of moisture or occluded gases should be heated gently 
for two minutes or so over a small bunsen flame, in order to avoid meohanioal 
loss by rapid escape of steam and volatile matter, before the crucible is sub- 
jected to seven minutes’ full heating at 960^0 ±20®C. According to Brodie coal 
should be heated strongly for four min utes and not for seven nunutes As the 
temperature factor has not been taken mto consideration by Brodie and as 
the penod of hea ting followed by him is also different from that generally 
adopted, it is quite dear that the result by Brodie’s method will not be com- 
parable with those obtained by following the standard methods. Brodie 
does not appear to have given sufficient reasons for such deviation from the 
standardised methods adopted in America, Fnglandt etc. Fluctuation in 
the pr essur e of gas BUj^y, variation in the composition and quality of the 
gas, etc., may have some influence m maintaining uniform temperature. 
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Erom what has been said above it is quite dear that the standard flame of 7* 
hig h as recommended by Brodie may not always give in the laboratories 
situated in the different parts of India the desired and defimte temperature of 
960**C ±20'’C , at which the coal is to be heated for the determination of 
volatile matter. The writer of this note actually found in the laboratory that 
with 7' flame of a bunsen burner having about jf' diameter, potassium chromate 
crystals could not be melted in a platmum crucible whereas with the same gas 
pressure tbe meltmg of potassium chromate crystals was effected by sub* 
stituting the bunsen burner with the meker burner (No 3 or 5). That the use 
of the meker m place of the bunsen burner is more advantageous has been 
shown clearly by F. H Wagner ** who wntes 

‘ The use of Meker burner is recommended by the Bureau of Mines m 
place of Bunsen burner owmg to its supenonty over the latter, 
especially for natural gas The construction of the Meker burner 
practically ehminates the fluctuating inner cone of the ordinary 
Btmsen flame, and thus produces a sohd flame of fairly umform 
temperature, this flame completely enveloping the bottom and sides 
of the crucible * 

In order to overcome the fluctuatmg flame of the gas burner on account of 
excessive draught the Bntish Fuel Research Board has recommended the 
use of the Davies furnace, the utihty of which was also pomtod out by 
Cunnin^am Hughes** The author of this note also found this httle 
apparatus of some use and suggests that in the case of fluctuating gas flame 
this type of fumaoe or some other kind of chimney as recommended by the 
U S. Bureau of Mmes** may be used to secure a steady flame. 

It IS seen therefore that in order to mamtam the defimte temperature of 
960“C.±20®C. for a defimte penod of seven minutes, sufficient precaution is 
necessary, but if an electncal furnace is available the above-mentioned diffi- 
cultias can easily be overcome The U S. Bureau of Mines has recommended 
the use of such an electno furnace for the determination of volatile matter. 
In the Lessing method ** also we find that coal is to be heated in sihca tube m 
an electno furnace for seven mmutes at a temperature of 950'’C It is 
needless to pomt out that in the electno furnace we have got an absolute 
control over the temperature and there is no possibihty of any fluctuating 
gas pressure or the loss of heat by radiation 

From what has been stated above we may expect that the percentage of 
volatile matter obtained by following Brodie may be a littie lower than the 
corresponding value of volatile matter obtained by foUowing the standard 
methods either American or of the Brirish Fuel Research Board A reference 
to the results obtained and given below shows that in the hi^^ moisture as 
well as in the low moisture ooals the percentage of volatile matter after the 
American method was greater than that determined by Brodie’s method. 
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High Moistuhh Coal 
(Bubha) 

Low Moistubb Coal 
(Ekba, Jhabia) 


1 Namma | 

Kalewa I 

II XI Seam | 

XIV Seam. 

% 

Vola- 

tiles 

Ash 

Vola- 

tiles 

Ash ^ 

Vola- 

tiles 

Ash ^ 

Vola- 

tiles 

Ash 

Amencan method (modified) 

39 60 

3 70 

42 30 

3 00 

10 02 

18 82 

20 10 

12 80 

Brodie’s method 

37 80 

3 70 

40 40 

3 00 

17 23 

18 82 

18 SO 

12 80 


After the determination of volatile matter the coal was burnt to ash 
and from the figures in the above table we find that the ash percentage remains 
the same in both the oases showing conclusively that there was no loss of (K>al 
particles during the time of heating. We also find that according to Brodie 
after dnving off the volatile matter the hd of the crucible has to be taken out 
while the soot deposited on the bottom of the hd and inside the crucible is to 
be cautiously burnt off This procedure of heatmg the crucible with the hd 
open in presence of air is undesirable as somebody may carry on the heating 
operation for a comparatively longer ponod and in that case the coke may be 
partially oxidised In some high swelhng coals the coke fills up the entire 
height of the crucible and sometimes touches the hd, thereby making it 
impossible to open the hd Hence we find that the method introduced by 
Brodie cannot be universally apphed with all types of coal Moreover, :t 
hw been found that the hd contains a neghgible amount of soot when the 
Amencan method is followed whereas an appreciable quantity of it remains 
on the hd and the sides of the crucible when Brodie ’s method is apphed, showmg 
conclusively that the temperature was a little lower in the latter case than in 
the former. 

From the above considerations we find that the method adopted m the 
Ahpur Test House to determine the volatile matter is not up to the mark and 
differs m some respects from other standard methods Hence we are led to 
conclude that the procedure of Brodie should be modified before it can be 
r^;arded as a standard method for the estimation of volatile matter 

Gertam discrepemcies m results due to non-adherence to any stamdard 
method have been observed in the Geologioal Survey of India laboratory. 
It was found by Dr. Fermor [J?ec. Oeol 8urv Ini , Vid 62, pp. 192-194, 
(1929)] that there was a difference of as much as 6 per cent in the volatile 
matter of the sama coal obtained in the years 1919 and 1928 and this difference 
was ascribed to a change of the oruoibleB and the lower gas pressure m 1919 as 
compared with 1928. This shows that the temperature factor was not given 
due importance during the tim« of analysing coal m the Geologioal Survey 
laboratory. 

The author of tbi« note suggests the following procedure which is the 
Amencan method wi^ di^t mo^oationa : 
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MeOtod' 

Apparatus* Meker burner (No 3 or 6). 

Coal (60 mesh, IMM) 

Platinum crucible with tight-fitting hd Capacity 30 to 40 c.c 
Weight varying from 26 to 48 grams 

The position of the crucible should be about 2 cm above the meker burner 
and the flame of the burner should be about 10 cm. envelopmg the crucible so 
that no oxygen may have any access in the crucible About 1 gram of coal 
should be heated in the full flame of the meker burner for exactly seven mmutes 
at about 960®C ±20*C If the flame becomes unsteady, the Davies furnace or 
any other device should be used to overcome the draughts In case of high 
moisture coals and cracking and salty coals and with those that decrepitate 
on heating due to laige amounts of occluded gases, a prehmmary gentle heating 
over a small flame for about two minutes (the period of heatmg dependmg on 
the nature of the coal) will be necessary This prehmmary heating should be 
followed by full seven minutes’ heating on the meker burner at 960“C ±20'*C 
If m the case of some coals it is found that some fine coal particles are actually 
mechanically earned away on account of the sudden evolution of a large 
amount of hydrocarbons that are produced at lower temperature, then a 
prehmmary gentle heatmg will be necessary to avoid such a disaster After 
heatmg for seven minutes the crucible is allowed to cool undisturbed m the 
desiccator charged with cone, sulphunc acid and then weighed. The loss m 
weight represents the volatile matter expelled plus the moisture m the coal. 
Then the percentage of volatile matter is calculated The dimension of the 
crucible and the weight should also be standardised withm certain hmits, as 
unusually a big and heavy crucible will take away much heat before the desired 
temperature is obtained, whereas a smaller crucible of much lower weight will 
be almost immediately heated to 960**0 

About reporting the analytical results it has been the practice m some places 
to submit the analyses of coal on 'moisture-free ’ basis In the Ahpur Test House 
the coal is dried to a constant weight at lOS^C and then the dried coal is 
transferred from the weighing bottle to the platinum crucible and the volatile 
matter and the ash contents are determined from the dned sample. The mois- 
ture percentage is shown separately According to the standard methods ^ 
undned coals are analysed for the determination of volatile matter and ash. 

The question whether the dried coal should be analysed has been discussed 
by the South African Coal Committee and the U S. Steel Corporation*^ and 
they did not recommend the method of analysing dned coal but were of opuuon 
that the air-dned sample should be analyst and, if necessary, the amounts of 
volatile matter and the fixed carbon mi^t be calculated on the 'moistuxe- 
free’ basis It has been shown by the present wnter in the foregoing pages 
tiiat it IS difficult to'get a constant weight of coal during the tune of driving 
off moisture and it is quite possible that on account of the highly hygrosooj^o 
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nature of the dried coal, there might be some error due to the absorption of 
moisture, vitiating the results for the real values of volatile matter and fixed 
oarbon The author is therefore of opimon that the method of analysing 
‘air-dned* sample and not the ‘dried' sample should bo standardised and 
introduced everywhere and the results thus obtained may be reoaloulated to 
give the figures on ‘moisture-free’ basis. 

Regarding the sulphur determination as adopted in the Alipiir Test 
House, Brodie has mentioned that the difference between the total sulphur 
m coal and the amount of sulphur present in the ash of the same coal is the 
amount of ‘volatile sulphur’ A reference to hterature^# available on the 
detailed sulphur study wall at once show that the term introduced by Brodie 
IS rather misleading The amount of sulphur expelled dunng the complete 
combustion of coal is known as the ‘combustible sulphur’ as distinct from the 
volatile sulphur which is the amount of sulphur that is dnven off when the 
coal IB carbomsed at 960‘*C for the determination of volatile matter The 
‘combustible sulphur’, however, includes the total amount of ‘volatile sulphur’ 

Regarding the determination of ash, tho residue left hehmd in the crucible 
after driving off the volatile matter should be heated in the fiame in free access 
of air until all the carbon particles are completely burnt off with occasional 
stimng by a platinum wire The crucible may be heated with the hd open 
After complete combustion the ash may bo carefully examined if any oarbon 
particle has been left unbumt The end point will be reached by getting a 
constant weight 

The value of fixed carbon is estimateil by deducting the percentage of 
ash from that of coke 

In conclusion the author wishes to draw the attention of tho coal 
producers and coal consumers to the fact that the proper valuation of coal 
from the results of proximate analysis is only possible when such analyses are 
done by some standardised method, and be thinks that as there is no fixed 
method adopted by the coal analysts in India the time has come when one 
definite method for the proximate analysis of coal should be standardised and 
adopted everywhere 'The author also draws the attention of the National 
Institute of Sciences of India to this important problem 

The author has made an attempt to outhne m the foregoing pages one 
such method for the estimation of moisture and volatile matter He also 
suggests that so long as there is no standardised method it is really necessary 
that every proximate analysis of coal published should be accompamed with 
a definite statement regarding the method adopted so that one may have a 
proper idea about the accuracy of the result 


1 Bm cm. 8wv. Ind., VoL 63, Pt. 2, pp. 192-lM. (1930) 

B Quart. Jour CM Mm. Met Soe. Ind , VoL IH. pp 37-48, (1931), 
• TeehtUcal Paper No 8, Bureau 0/ Miner, pp. 12-17, (1913). 
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METHODS OP ANALYSIS OF COAL IN INDIA 

By C POEBMSTBB, AH WC , FIC , PhD, FUSE , 

Fdlow of the Institute of Fuel 

There is probably no subject so pregnant with possibihties of dissension 
and acmnonious dispute than this hardy annual of methods of analysis of coal. 
The reason is obvious We still, sdter several decades of intensive research 
on coal, do not know much about it And when trying to analyse a substance 
whose chemical composition is still a mystery it is obvious that we cannot yet 
with confidence say that such and such a chemical procedure will give 
precisely such and such information about the substance We have, therefore, 
to fall back upon agreed-upon methods of investigation and, further, we have 
to impose upon ourselves this and that restnction as to conditions of each 
ezpenmental test, otherwise discrepant results obtained by different workers 
would merely be perpetual sources of disagreement and misunderstanding 

The rest of the techmcal and scientific world has long since agreed upon 
the necessity for adopting this attitude. India alone, it would appear, has not 
yet fallen into line and at this important stage m the development of industry 
m India, and especially at this stage m the history of mining and utilisation of 
coal m India, it is particularly unfortunate that it should still be necessary to 
reiterate the warning given by the author and others dunng the past ten 
years. Smentifio research is progrrasing by leaps and bounds m this country 
and Fuel and Safety m Mines Besearch is at last coming into its own The 
tragedy of the position is that for want of agreement upon this most vital and 
fundamental matter, the adoption of and adherence to standard methods of 
analysis of coal, probably more than 90 per cent of the work done on coal 
in this country dunng the past decade is of httle scientific value Years of 
otherwise valuable research work have been spent unprofitably and most of 
the investigational work that has been done will have to be repeated. 

This is a subject that many have wntten on in recent years. Erobably 
the most important authentic recent reference m the hterature m India is the 
paper by Brodie m the Becorda of the Oeologtcal Survey of India (Bee LXm, 
1930, Fart 2, 189) with the accompanying note by Fermor. Its importance 
lies not m the value of the methods outlined but m the fact that the methods 
desonbed are not those approved by the scientifio and technical world. The 
laboratory in which the methods referred to by Brodie is that m which are 
analysed the coals of our two most important coalfields and it is on the results 
of these analyses that coals are graded in India. Further, it is largely on the 
grading thus achieved that the prospenty of the coal industry depends. As 
no authontative statement appears to have been issued to the contrary it is 
assumed that these methods are still in use and the oonseq[U 0 noes appear to 
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the author suffioiently important, both from the scientifio standpoint and 
from the point of view of the industry, to justify examination. 

It IS probably hardly neoessary to state that analyses of ooal are of two 
kinds, ultimate analyses furnishing information regarding the percentages of 
elements such as carbon, hydrogen, oxygen, sulphur, etc., m any ooal and 
so-called * proximate’ analyses, indicating the proportions of what, for want of 
a better concise term, we may perhaps call the different components of a coal, 
the moisture, carbonaceous volatile matter, 'fixed carbon* and ash. In this 
Symposium it is assumed that all taking part are qmte familiar with the 
meanings and fuU significance of thiMe terms We here are concerned with 
aspects of the matter that particularly affect us in India, with such questions 
as ‘What differences are there between the methods used by vanous investi- 
gators?’ and ‘What justification, if any, is there for departing from what is 
generally adopted elsewhere throughout the world ? ’ 

It IS sufficient if we examine the methods at present accepted as standard 
and oertam known examples of departures from those methods 

Fortunately the scope of our enquiry can be hmited. So httle work has 
so far been done on ultimate analysis of coal that even if it had not been done 
according to accepted methods httle harm would have resulted But the 
methods that are smted for carrying out ultimate analyses are in any case 
standard, or more or less standard, methods of chemical analysis throughout 
the world There is httle nsk, therefore, of the results of such ultimate analysis 
as have been done being inaccurate on account of the methods employed 

It IS when we come to proximate analysis that we encounter a different 
state of afiairs. And it is one the importance of which it is extremely difficult 
to impress upon anyone who has not himself performed such operations as 
are mvolved, still less anyone who is not himself a fuel technologist or even a 
scientifically trained person The vanous ‘components’ are dealt with below, 
after reference to Preparation of Sample. 

Pbbpabation 07 Sample. 

Perhaps a preliminary reference to CoUeotiou of Sample should be 
mcorporated here It is remarkable how this fundamental piehmmary is 
improperly attended to and what extraordinarily stupid mistakes can be made 
when submitting samples for analysis. It is still no unusual experience for the 
author to be presented in his laboratory with a sin^ large lump of coal with 
the request to have it analysed for the purpose judging the quality of a 
seam of ooaL It is needless to pomt out that in such a case it is ahnost 
unquestionably a waste of time even to carry out the analysis. The mining 
pubho and buyers and sellers of ooal still require a oertam degree of education 
in this matter. It must be admitted, of course, that extcemefy stringent 
oonditions regarding''the taking of a perfeotfy representative sample need not 
always be observed. There is such a thing as exeroiwiig discretion. 
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An important preliminary to preparation for the actual analysis is the 
remoYBl of surplus moisture The Fuel Research Board and most other 
official authonties specify that the sample weighed out for analysis shall be 
air*dned Now air-drying is admittedly an imoertam procedure, especially in 
a tropical climate, and yet it is conceivable that we can agree upon a method 
to suit India Drying inside a laboratory for 24 hours by laying the large 
sample out in a layer on a bench would appear generally to be smtable, except 
during the wettest period of the monsoon. Dunug the cold weather and the 
hot season the author finds it sufficient to lay the large sample out on a verandah 
(on a sheet of dean paper), gently stimng it about from tune to time especially 
if it IS visibly wet Obviously the amount of moisture still adhering will 
depend to a oertam extent upon the degree of humidity and the atmosphenc 
temperature on the day on which the sample is dned. This would appear to 
be a useful hue of research for a beginner in this work. 

Apart from selecting a method for piehminary drying it is important 
also to note that the amoimt of loosely-held moisture thus lost may have to 
be determined. Agreement between the coal suppher and the analyst is 
essential m this matter. 

The method adopted by the Umted States Steel Ciorporation for air- 
drying of visibly wet samples might well be adopted for Indian conditions 
It consists of passing over the sample a contmuous stream of air, at a tempera- 
ture of 10*’ to IS** Cientigrade above room temperature, until the sample is of 
approximately constant weight. But it also apphes a maximum temperature 
of 35*’C. (OS^F.) which would not always suit Indian conditions Perhaps 
it may prove necessary to discontmue attempting m India to do accurate 
soientifio fuel analysis in certain seasons. 

Apart fipom the matter of air-drying we come to powdering the gross 
sample. The Fuel Research Board qieoifies OO-mesh powdered coal. This is 
practically umversally prescribed and should be adopted m India. The 
crushing and sifting, of course, should be done as expeditiously as possible 
to avmd oontinnal 1^ of moisture in the process. 

Moistubb. 

Here again we come to a determination on which it is absolutely essential 
that we agree. The standard method prescnbed consists m heatmg one 
gramme of the (iO-inesh air-dned coal fm one hour m an air oven at a tempera- 
ture of between 106**G. and 110*’C. Now mere heating m an air oven at the 
prescribed temperature is not sufficient. The air m the air oven must be 
changed several timaa dunng the heating In well-equipped laboratories 
specially designed air ovens are available for this purpose. Where such luxuries 
are not available the author suggests gently opening the door of the air oven 
tiU it is as wide open as possible ami then dosing it again, choosing a tune 
when the temperature has risen to 110” or nearly so. Biperienoe shows that 
resulte can thus be attamed without any further elaboration of 
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apparatus. When the author is carrying out a large senes of analyses at a 
tune he rehes upon the simple expedient of opening the oven door at approxi- 
mately lO-minute intervals, using a laboratory alarm dock when available. 
When the laboratory alarm is in use for other pui^Kises he times the opening 
of the oven door by the time taken for determinmg volatile matter in other 
samples. By this means, mamtammg a temperature of about llO^C. in the 
oven, the moisture-laden air at that temperature is penodically swept out and 
replaced by fresh, comparatively dry air which soon attains the temperature 
of about 106®. 

In determimng moisture it must be remembered that the layer of coal 
should be evenly spread over the dish. The Fuel Research Board specifies a 
layer not more than 0*3 gm per square centimetre of exposed surface. The 
Government Test House method described in the paper referred to above 
allows for taking ‘about 2 gm m a weighing bottle* Presumably a lairly 
thick layer of coal results and it would appear as if the moisture-laden layer of 
air immediately above the heated coal does not have a reasonable opportumty of 
escaping, and the remaining moisture in the coal underneath is not likely to 
be fully driven oS. 

This IS a matter of great impoiiance in India as the grading of coals 
depends to a large extent upon the amount of moisture thus determined In 
this respect the Government Test House (if it still adheres to the methods 
described by Brodie in the paper referred to) differs from practically all other 
expenmentors and m consequence the gradmg of coals m India by the Indian 
Coal Grading Board cannot, in the case of high-moisture coals, be that calculated 
by any experimenter using standard methods. 

qW 18 a matter on which agreement should be aimed at. 

VoLATHiB Mattsb 

In determinmg the amount of volatile matter other than moisture, the 
standard method prescnbed a platmum crucible with tight-fitting M, the 
crucible of particular dimensions, the using of exactly one gramme of 60-mesh 
air-dned coal and heating for 7 minutes to 926®±26®C. Platmum crucibles are 
expensive and many analysts may have to be content with poroelam crucibles 
and Bunsen burners It is true that results of value to the industry for most 
practical purposes may be obtained by the cruder method. The standard 
method does not specify the use of an electno furnace, but points out that where 
an electric furnace is available porcelain or silica crucibles may be used. For 
accurate work, for grading and for all r«»aroh work the^platinum crucible 
must be used if no electno furnace IS available, and there must be some accurate 
method of ascertaining that the correct temperature range has been attained. 

The author uses at present an elecfric mnflSe furnace always mAintained 
at about 060®C. The frequent opening of the door causes the temperature to 
fiftU and in practice ^e range 026®±26®C. is attained with little diffionlfy. Adx 
determinations are not earned out in this furnace. Where an eleotrio fritnaoe 
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18 not avEulable some sort of shiold is necessary to ensure that the sides and 
top of the crucible are more or less umformly heated If one of the approved 
Davies type camiot be made up, a useful expedient is to surround the crucible, 
when it 18 on the pipeclay tnanglo, with teastnl-out stringy asbestos This 
acts as an excellent radiator of the heat of the burner flame and a light layer 
of the same matenal on the hd comiiletes the funmee effect 

Some expenments proscribe removing the lid of the crucible and burning 
off the ‘coke’ layer formetl thereon That should not bo done There are 
other precautions to bo observed, but it will probably be agreed that they are 
not materially affected more by Indian conditions than by those in other 
countries and, accordingly, they are not discussed here 

Fixed Carbon 

As this ‘component* is determined arithmetically it will not bo discussed 

here 

Ash 

Owing to the important chemical changes that may take place in the 
mineral matter present in a coal in the (Oiirse of buniing it, the temperature 
to which it 18 heated ma}' greatly afiect the weight of residue obtaiiunl In 
order to numnuso discrepancies due to this cause the standard method prescribes 
a temperature of from 760° to 800°C The sample is heated for one hour (or 
till constant m weight) in an oxidising atmosphi'ro The author uses a muffle 
furnace kept at a temperature of about 780‘’C The Government Test House 
method desenbed in the paper referred to above prescribes a temperature of 
IGOO^C The Test House method referred to also uses, for this determination, 
the coke obtained from the volatile matter determination Although coke is 
usually rather more difficult to burn to ash than coal tlio uso of the coke 
obviates the difficulty that arises in the case of coals liable to mechamcal 
loss through the coal sphttmg up on imtial heating If the extra time required 
for using the coke can bo spared, therefore, the procedure is a useful one The 
temperature prescribed, however, is much too high and is hablo to give in- 
accurate results in those instances where kaolin, gypsum, some carbonates, 
common salt, etc (liable to decomposition or volatilisation at the Iiigher tem- 
perature) are present Whether there is much iisk of error from this cause in 
Tnitiftn coals is not known at present This would bo an mteresting and 
important line of research. 

Dsteemination of ClALOBmo Value. 

Almost the only important statement to make m this conneotion is that 
no oalonfio value that has been determined otherwise than in a first-class 
bomb oalonmeter should be given serious attention Other methods of 
ascertaining approximate calonfio valuM have their uses. The author himself 
him devised a formula for calculating calorific value from the data of the 
*4 
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proximate analyBia and it has proved extremely usefiil aa a oheok But such 
calculation methods should not take the place of the use of the bomb, and other 
cruder apparatus such as the Lewis-Thomson calorimeter are only of use for 
purposes of rough comparison 

Mbthod or Bbfobtino Analtsbs 

There are several ways in which the results of a Proximate Analysis can 
be recorded For example the amount of loosely-held moisture lost during 
air-dryiiig may have to be recorded and that should be kept in mmd pnor to 
preparing the sample for the laboratory Then the amount of moisture found 
by drying the 60-mesh air-dried coal m the air oven at between lOS^C and 
110°C may be shown in the total analysis, or a separate analytical statement 
regarding the moisture-free coal may be given, but in the latter event there 
must be some manner of showing what amount of moisture was present. 
Normally it is better to give a double or triple statement showing the analysis 
of the coal (a) as received, (b) as ‘air-dried samjJe*, and (c) moisture-froe 

Then it is frequently desirable to indicate the composition of the ‘pure 
coal ’,te the combustible substance originally present in the coal. A statement 
of analysis on such a basis is described as being given ‘on the dry, ash-iree 
basis’ The above are the most usual types of statement used or asked for 
We have in India yet another type of statement, the one used officially by the 
Indian Coal Grading Board In effect it is to some extent a compromise 
between the standard ‘air-dned’ sample method of recording and an ‘oven- 
dned’ sample method In the single statement recording the results of the 
analysis the amount of moisture is shown (as determined in the air oven) and 
then the remaining items of the orthodox proximate analysis are shown, but 
they (without the moisture at the head of the statement) total 100 Including 
the moisture shown in the analysis the total, of course, would come to more 
than 100. 

The calorific value is, in the standard method, shown for the coal according 
to the method of recording the results of the proximate anal 3 r 8 is For example 
if the coal has been air-dned the calorific value of the air-dned coal is shown 
If a separate statement of the proximate analysis of the moisture-free coal or 
the ‘dry, ash-free’ coal is given then the calorific value as actually determined 
IS re-calculated on the same basis and shown in the adjusted statement. 

The reason for re&mng m such detail to this matter is that on account 
of the lack of agreement m India as to the method to be adopted to show the 
results of proximate analyses there are senous disorepancies m mtorpretmg 
them. 

Fortunately the discrepancy is not a senous one in the oases of the majonty 
of Jhana Barakar coals, whose moisture content m seldom more than one 
per cent (though the error referred to below exists even m those eases). But 
in the case of high volatile coals there cannot but be xeasonB for misconception 
when oritioally examining the statements of analysu recorded by the CSoal 

MB 
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Qrading Board method, and those of us who are concerned in the winmng, 
preparation and utihsation of coal in India should bo fully ahve to the 
possibihtios of error 

A high-volatile coal, for example, usually, m India, contains a high 
percentage of moisture that would be driven off in the air-oven A high- 
moisture high volatile Baniganj coal, oontaimng about 7% of moisture, may bo 
taken for the purpose of illustration The statement of analysis of such a coal 
according to the several possible methods is given below and will repay close 
exanunation 

There are two important effects that operate m opposite directions, when 
judging the value of a coal by examining the analysis as reported according 
to standard methods and accorduig to our official practice in India The 
first IS that the Indian official practicte shows a high-volatile coal as having a 
higher calorific value than it really has, in the example given the calorific value 
being recorded as 6,468 calories per gramme, whereas the calorific value of 
the coal ‘as received’ is only 5,841 calories and that of the air-dned coal only 
6,000 

On the other hand, the same coal is shown by the official Indian method 
as havmg 14 60 per cent of ash whereas the coal as received has only 13 21 
per cent of ash and the air-dned coal only 13 62 

In other words the official Indian method of reporting coal analyses accords 
to high-volatile moist coals a relatively better calonfic value and a relatively 
higher ash content than it does to low- volatile coals If the one effect oanoelled 
or ‘neutralised ’ the other no great harm would result, but that does not happen 

Apart from the unrealised possibihty of these two effects tending to 
neutralise each other it is more important to note that the official Indian 
Statement or Report of Analysis does not readily indicate to the purchaser 
what he is buying. 

Stathjibnt or Analysis or a Hiqh-volatilh Indian CtoAL aoooboino 
TO DirrBBBNT Mbihods or Rkpobuno 
Statements aewrdmg to intemaiionaUy-aoeepted standard metitods compared 
mth 0 O B. method 



Coal 08 
received. 

Air-dried 

coal. 

Calculated 
to dry-ash- 
free basis 

Coal Qrading 
Board 
method. 

Moisture 

Volatile matter less moisture 
‘Fixed carbon* 

Ash 

Oolour of ash 

Oharaoter of poke 

Colonfio value. (Calories over 
gramme) 

966 
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68*90 
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6,000 
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It Will probably be agreed by all fuel technologists, and it ought to be 
agreed by all sellers and purchasers of coal in India, that this anomalous 
position should be rectified 

Unfortunately, elosoly bound up with this matter of adopting standard 
methods of analysis and of reporting the results is the whole commercial system 
on which has been bmlt up in recent years the stabihty of the Indian coal 
trade There is naturally a fear, among mining mtorosts, that any ‘tampenng ’ 
with the present system of grading of coals would endanger the trade The 
author does not agree In order to rectify the matter it would not be necessary 
either to abandon the present system (m general) of grading coals nor would 
a coal at present in any particular grade be placed m another grade All 
that would be necessary would be to adhere to the existing grading and, in 
re-wording the specification according to which the gradmg is at present carried 
out, the arithmetical changes necessary uould be calculated and apphed to 
gradmg of coals subnutted for gradmg m the future Except m so far as a 
very few particular coals might bo found to be graded too low or too high 
according to the present method of reporting, no material change would take 
place And purchasers would be better able to compare one coal with another, 
which they cannot satisfactonly do at present 

Othfb Detbbmikations 

It 18 not considered necessary to refer in detail to the other components, 
such as sulphur and phosphorus, as are sometimes determmod, as no particular 
difficulty anses that is peculiar to India But reference may with advantage 
be made to one test the importance of which is growmg, namely, the deter- 
mination of the fusibihty of coal ash Comparatively few coal ash fusibilities 
have been determined so far and fuel technology laboratones that are to be 
fitted up in future in this country should be capable of makmg this determina- 
tion The author has a small amount of information on this subject, mostly 
of a confidential nature, but hopes shortly to be able to pubhsh an authoritative 
statement regarding a large senes of Indian coals Pending the hberatioii of 
that information it is sufficient to indicate some temperatures hkely to be 
recorded 

A selection of Ramganj coal ashes was found to soften at from 1140®C 
to 1200°C , their fusion points beu^ shown to be from 1260°C to 1420°C 
The corresponding figures for a small selection of Jhana coal ashes i^ere 1200*’C. 
(for softening pomt) and 1230‘’C. to 1266®C (for fusion pomt) A mixture of 
Jhana coal ashes gave a soffcemng pomt of 1100'’C. and a fii^on pomt (complete 
fiuidity) of 1260°C These determinations were made m a normal oxidising 
atmosphere. [Note Later information gives a much wider range for coal 
of both those fields ] 

It wdl be noted that, as might be expected, the nuxture of Jhana coal 
ashes began to soften well bebw the softening pomt of individual samples from 
the same field. 
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Thero is probably only one other point that calls for special comment 
and that is the determination of oxy^n as well as of ‘fixed caibon’ The 
amount of oxygen in coal is usually determined by calculation, after takmg 
mto account the distribution of the various other elements and radicles known 
to bo present in the coal, and the amount of fixed carbon is determined 
arithmetically ‘by difference’ But it is impossible to say in what form the 
incombustible mineral matter that gives nse to the ash exists in the coal and 
it 18 defimtely known that the amount of the ash may be, and usually is, less 
than the amount of mineral matter that produced it An average of seven- 
eighths 18 frequently assumed, but the matter is an extremely comphoated one 
and much research work, especially by the well-known American worker 
Parr, has been devoted to this subject. The average figure referred to means 
that a coal shown to have 14% of ash may really contam 16% of useless 
mineral matter In consequence the figure shown in the Report of Analysis 
for Fixed Carbon is too high and, m consequence, the classification of the coal 
by the usual methods is incorrect For similar reasons the determination of 
the amount of oxygen in Indian coals cannot yet be accurately earned out. 
This IS an important field for the research worker 




COAL CLEANING AND BENEFICIATION IN INDIA. 


ByC ^oii.Tmmmi.AHWO,FIC,PhD,FHSE, 

Fellow of the Inetitvie of Fuel 

Tho subject of cleaning of coal is, in India, one that has probably received 
a greater amount of discouragement than any other affecting the winmng 
and utilisation of coal Comparatively little has lieen done in the matter of 
either research work or practical experiments As fai as Indian conditions 
are concerned, therefore, there is unfortunately little that can with confldenoe 
be said on this subject and what httle is known mainly concerns Jhai la and 
Ramganj coals In this connection Mr Lines’ remarks in his pajior (this 
Sympoatum) on the marketing of coal in India aiu worth special attention 
The beneficiation of coal may bo effected in several different manners, 
for example by haud-pukmg underground or (more usually) on the surface, 
by carefully planned screening, by ‘washing’, » e by removal of heavy (and 
therefore high-osh) material by tioatment in curi'ents of water or by hquids of 
selected specific gravities, by ‘dry cleaning’, utilising various physical properties 
of coal and shale or stone such os coefficient of friction, elasticity, resilience, 
etc , and so on All these processes are based on the assumption that stony 
matenal occumng along with coal is to a large extent separated from the 
better quality coal in the ordinary processes of imning and the subsequent 
normal preparation of the coal for tho market 

Most practical nuning men in India assert that the bulk of the asli-forming 
mineral matter in Indian coals is much more intimately imxed with the coal 
substance than is the case in countries (e g Britain) where coal oleamng is 
extensively employed To a largo extent that is true and it must bo accepted 
as an unfortunate fact that coal cleaning methods are much less likely to meet 
with success and universal adoption in this country than in most other 
countnes But other countries posa^sing coals very similar to those found in 
India have taken up this matter senously and the mining industry of India 
will be committing a grave mistake having effects lasting for many geneiations 
if it does not mamtam mterest in this subject 

As with so many other problems that interest the scientist there are 
senous economic aspeds of this question We have not yet, however, reached 
the stage at which the economics of the matter can be profitably pursued and 
it 18 not at present proposed to deal with them. For the purposes of this 
note, therefore, we diall deal with the scientific aspects and such practical 
aspects other than economic that the information available justifies refemng to. 

There is already m operation in India a kind of coal cleanmg imposed, 
in a sense, on the industry but it is the most expensive and least efficient 
coal elftaning in the world. The conditions in which the Indian Coal Qiading 
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Board issue Grading CJertificates are such that all colliery concerns that desire 
to obtain, and retain, such certificates must exercise a wholesale selection of 
the better portions of seams and also a considerable amount of hand-picking 
both imderground and on the surface It only requires a few visits to selected 
colhenes in both the Baniganj and Jhana coalfields to reahse the extent to 
which shale and stony coal do exist in a separable form The author is 
inchned to wonder whether the coal mimng industry reahses the full significance 
of this fact when considering coal cleaning But there is a more important 
aspect of this that deserves greater attention that it receives It is an inevitable 
consequenee of the Coal Grading Board method of grading coal that, in order 
to retam a certificate, certain lower grade portions of seams are left underground 
A small fraction of one per cent in ash or calonfic value may frequently decide 
in favour of or against a considerable proportion of our coal reserves and the 
alow adoption of the principles of buying and selling according to specification, 
allowing for penalties and premui for departure from the specification, cannot 
but mihtate against the adoption of proper cleaning processes 

The present author has not collected data regarding the results of hand- 
picking and hia figures relating to portions of seams left unmined on account 
of the practical and economic difficulties at present in the way of the adoption 
of modem methods are insufficient to justify quotation This reference may, 
therefore, be taken as an invitation to practical mining men to give the rest 
of the industry, and scientific friends of the industry, fuller information that 
may aid in furthering the cause of coal cleaning and thus serve the mdustry 
as a whole 

So far as regards the more commonly used methods of cleaning, particularly 
‘washing’, httle or nothing has been done in India, or if it has been done the 
hterature does not help us much One firm has in recent years carried out 
practical experiments in dr^ cleamng, using the Bemsford separator, with 
encouraging results But dry cleaning processes are not generally hkoly to 
be so suitable for Indian coals as wet processes The differences between 
‘ coal ’ and ‘dirt ’ or ‘stone ’ are not so clearly defined The gradations between 
the vanouB qualities of coal are too gentle and it is in the opinion of the author 
doubtful whether dry cleaning methods are ever likely to be favoured 

One special method of cleaning of coals utilises the pnnciples employed 
in the froth flotation of ores and this process has also been tried, though only 
in the laboratory, for the treatment of Indian coals The work is reported 
on in the Records of the Oealogusal Survey of India (Vol. LVI) and was carried 
out as long ago as 1924 by W. Randall. Compared with more recent mvestiga- 
tions this report cannot now be regarded as affording us much reliable informa- 
tion about the cleaning of Indian coals. Modem methods of investigating the 
possibihties of cleamng coals require the construction of washabihty curves 
Much 'useful work oh this subject awaits the mv»»tigator and it is not unduly 
difficult to do. 
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Perhaps the only published results of such investigations are those of the 
author, appeanng as part of a paper on the Barakar Ckials of the Jhana Coalfield 
{Trans Mm Oeol Inst Ind., XXX, 1936) The work therein recorded relates 
to Jhana coals only, though a similar investigation (the results of which have 
not yet been pubhshed) had then been earned out on a selection of Baniganj 
coals 

Along with this work on washability the author also examined the same 
senes of coals by X-rays with a view to indicate the manner of occurrence of 
the high-ash material in the coals The results of these two hnes of investiga- 
tion can appropriately bo referred to together Considerations of space in 
piibhcation and time at our disposal in this Symposium make it desirable to 
summanse conclusions rather than to develop arguments 

Apart from wide stone bands and other easily recognisable high ash 
bands in seams, high-osh portions of Barakar coals cannot bo readily removed 
from large size or so-called ‘steam’ coal In this respect, of course, Indian 
coals do not differ very senously from the best British coals Most profitable 
washing processes do not apply to large size coal It is when we come to 
examme the possibilities in respect of the smaller sizes of our coals that the 
difference is stnking— and no doubt discouraging Large rubble coal obtained 
in the ordinary course of mining in say Bntam may, and frequently does, 
contain innumerable pieces of stone and/or bigh-ash material This can be 
easily separated by almost any simple washing plant The same cannot be 
said, in general, about Indian coals, or, rather, it cannot be said about rubble 
of the same size, and it will probably have to bo admitted that it cannot at 
present be said about any coal above say 2-inch m size, always excepting, of 
course, wide stone bands, etc , already referred to The abandonment of the 
present grading system would in all probabihty completely alter every aspect 
of this question 

It 18 when we come to the smaller sizes of screened coal that the possibihties 
of cleaning on a large scale become more attractive Agam excepting the wide 
stone bands,eto ,at present dehborately left tn situ or hand-picked underground, 
we find that even the carefully selected coal can to some extent yield up 
varying proportions of high-ash matenal The washabihty curves of 23 Jhana 
coals appeanng in the paper referred to above indicate that the smaller 
sizes of our Indian coals might respond to normal washmg processes In 
considenng the practical imphcations of these curves it must be kept in mind 
that they record the result of mvestigating crushed dean run-of-mine coal 
already selected for despatch as comparatively good coal If the methods of 
winmng were such as to include a greater proportion of stony bands and high-ash 
ooal, for separation on the surface, the slack coal would in all oases have shown 
a remarkably higher degree of benefioiation. Here is another direction in 
which much useful experimental mv^igation awaits the research worker 
The results of such woik would go far to change the whole attitude of the 
mining mdustry to the subject of washing. 
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There is a subsidiary aspect of i^^hing of coals in India that has not 
received the attention that its importance — its practtcal importance — ^merits. 
It IS an aspect that only the iron and steel manufacturer fully appreciates 
There is no surer source of inefficiency and waste in blast furnace operation and 
foundry work, and probably to a less extent in steel manufacture, than a 
supply of coke of wtddy varying ash content Alternatively stated, it pays 
the blast furnace manager to work with a comparatively high-ash coke whose 
ash content, and the chemical nature of whose ash, do not vary appreciably 
over very long penods, rather than to work with a large senes of cokes of 
diflferont quahty the ash contents of which are all comparatively low but vary 
within several points per cent as well as chemically 

The practical results achieved in the laboratory by the author were, 
as already suggested, not all encouraging As much as 26 per cent to 30 
per cent of the crushed or slack coal had to be rejected to lower the original 
ash content by one-quaiter of its value But there wore cases where aw little os 
6 per cent rejection effected the same benefioiation Remembering again that 
those tests were earned out on comparatively clean crushed coal the conclusion 
that appears to be justified is that washing of slack coal obtamed by mining 
the whole of a seam (without rejection of coal of intermediate quahty in order 
to ‘get into the grade ’) would undoubtedly give excellent results, and of course 
add to the total output 

Another result of such lowering of ash content, qmte apart from the amount 
by which it is lowered, is that even a small reduction in ash content may be 
accompanied by (in fact, duo to) the removal of highly injurious constituents 
of the ash, especially sulphur compounds as those occur m the heavier fractions 
removed in washing 

Yet another practical aspect of this subject is concerned with soreening 
and the accumulation of vitram in smalls It is now well recogmsed that some 
Barakar seams, especially, in the opimon of the author, those in the Jhana 
coalfield, contain unusually friable vitram In the ordinary course of mimng, 
this vitram naturally becomes liberated to a degree corresponding to the 
extent to which the coal is ultimately broken up for despatch. The greater 
the amount of rubble produced the greater the amount of vitrain that is 
likely to be liberated Vitram has always a much lower ash content than any 
other portion of ooal, the author’s experiments give ash contents as low as 
2 6% for vitrain of specific gravity below 1*3 (One sample firom No. 14 Seam 
111 the Jharia field gave the unusually low figure of 1’625% for ash ) It is 
obvious that an accumulation of such low-ash material will have a beneficial 
effect on the slack coal among which it accumulates. The lower a^ content of 
slack coal as compared with the steam ooal from which it is derived and with 
the rubble (which has consequently, of course, a high^ ash content than the 
steam ooal) is a well known fact. But there is another interesting fact 
that merits attention. This enriohment of small ooal does not proceed 
inde^teJy. If a careful soreening test is carried out on run-of-mine ooal. 
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ospeoially coal that has been maohine-nuned, cutting having partly taken place 
in an undulating stony floor, the very flnest material, i.e dust finer than say 
OO-mesh, may have an exceedingly high ash content, e g 60 - 66 % Such high- 
ash dust can be removed by pneumatic methods, eg hy allowing the fine coal 
to fall down a senes of inclined shelves, between which a current of air is 
blown or sucked by an exhaust fan The whole opoiatioii is carried out m a 
suitably designed tower and the air rising to the top carries with it the high- 
ash dust The process is well known as ‘de-dusting’ De-dusting of coking 
slack may yet prove in this country to be a useful adjunct to the other coal 
washing operations, and is in fact likely to bo adopted moiD particularly in 
connection with the cleaning of coking slack, not only to reduce ash but also 
to aid in draimng of the washed product and to avoid slurry problems 

In opemng discussion on this kind of subject it is presumably not desirable 
to attempt to mdicate what different kinds of industrial plant are likely to be 
adopted in India should coal washing become a common practice But the 
preliminary study that has so far been possible suggests the likelihood of the 
Reolaveur typo of washer y being pirtioularly smtable for the treatment of 
coking slack in this country The author favours investigations by the coking 
and iron and steel induatnes mto the possibilities of instalbng two or three 
collecting centres for washing slack by a plant of that tj^ prior to shipment 
to the coke plants Alternatively one of the moie recent specific gravity 
processes (o g chance) offer defimte attractions, as they can bo applied to 
unscreened coal 

In conclusion of this brief summary of the position it may be suggested 
that much useful practical work can be done on Indian coals to provide the 
industry with statistics and the results of laboratory investigations, and 
especially work on run-of-imne coal from the whole of a workable seam, as well 
as on the slack from the same seam Fuller detailed information is required on 
this most important and essentially practical problem 




COAL CLEANING AND BENEFICIATION 

By E R Gkk, M A {Ganiah ), F 0 8 , Geologiml 8urmy of India 

It 18 now recognised that at least a largo majority of tho coals of India 
are difficult to clean by any known wot or dry process This is duo to the very 
fine state of division of much of tho mineial matter and to its very intunato 
association with tho coal substance 

One might well enquire the reason for this unfortunate charactoristio of 
most Indian coals us compared with many coals in Europe and America 

The writer suggests that it is due to tho fact that tho ( oal seams of India — 
at least the Gondwana seams — are of drift formation in contrast to an m st/u 
origin There is definite geological evideiKio in favour of the formation of the 
Gondwana seams from vegetable debris that has boon earned down by rivers 
into low-lying tracts presenting conditions suitable for its accumulation 
During the course of traasit, finely divideil minoral matter would undoubtedly 
become associated with tho organic debus and would also tend to impregnate 
tho latter when it held partially decomposed into a soft gelatinous mass As a 
result, this mineral matter would become intimately associated with the coal 
substance 

But, in pronouncing judgment on the possibility of cleamng tho coals of 
India, one must remember that wasbabibty is a relative factor and the limiting 
economic conditions of one country or even of one particular area may be 
quite different from those of another 

Thus, although it will probably be economically impossible to clean Indian 
coal so as to yield a product containing less than 12 per cent of ash, it does 
appear likely that the washing of infonor grades — particularly the Barakar 
seams of ookmg property — from an ash percentage of 20 to 26 down to some 
12 to 16 This possibihty has recently been referred to by Mr A Farquhar 
in his Presidential Address to the Mining, Geological and Metallurgical 
Institute of India Fine grmdmg, prior to washing, will doubtless be necessary 
and this will obviously enhance the cost appreciably. 

On account of the mtimate nature of the ash, an appreciable proportion 
of coal substance will doubtless remam along with the ‘refuse’ (the 'sinks’) 
and the a mouut ’S of ‘refuse’ will no doubt be relatively large. Much of it will 
oontam a percentage of ash as low as some 26 to 36 per cent. In view of the 
fact that pulverised coal oontainmg up to 40 per cent ash can now-a-days 
be burnt successfully m furnaces fitted with suitable burners, it may well be 
possible to utilise much of the pulverised ‘sinks’ for steam-raising 
Obviously, it would not pay to transport this high-ash fuel to any great distance 
but, m conjunction with any large industrial schemes in the coalfields, such as 
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the electno generating plants suggested in this Symposium, the use of this 
cheap fuel might deserve consideration 

As mentioned previously in my note on the ‘storage of coal’, in any large 
enterprise mvolvmg pulverisation, the question of spontaneous combustion 
will have to be considered, though the liabihty to spontaneous igmtion will 
no doubt be much less m the case of the high-ash products than with the 
relatively low ash coal 

The subject is one on which considerable research is necessary both in the 
laboratoiy and on a larger scale, the possibihties of success are, I consider, 
not unpromising 



SULPHUK IN COAL 


jBy N N Chattebjee * 

The prenonce ol sulphur in the Tertiary coals of ludia attracted the notice 
ot early workers i and m the analytical results published only total siUphur 
was recorded Moreover as gianules and lumps of pynto wore easily dett^otod 
in the hand speoimens the sulphur content of the coal was attributed chiefly 
to pynte by almost all the workers in India It has long been known that 
the high grade coals of Upper Assam on account of large sulphur content 
could not bo e&oiently utilised lor many impoitant uses Richard Smith,* 
however, in discussing the analytical results of Makum coals suggested that 
sulphur might be present m the ooal partly ui orgamc constituents and partly 
as iron pynte and probably as sulphates Rut in the analyses published he 
recorded the amounts of total sulphur only 

Though the presence oi sulphur was noted by early workers and the 
railway authorities m Assam the knowledge legaidmg the sulphur compounds 
in the Tertiary coals of India was veiy meagio and no detailed work in this 
line was published It will bo pouited out in a succeeding chaptei that the 
total sulphur is uot the only fautoi to be considered, but the amounts of diflerout 
sulphur forms should be determined before any coal is recommended for 
particular use. 

It may be mentioned in this ooimoction that on account ot the researches 
of Powell and Parr * our knowledge regarding sulphur in coal has recently 
been greatly widened As a result of investigations it has been found that 
sulphur in coal generally ocoui-s in four difibrent forms, namely (i) Pyntio 
sulphur; (u) Sulphate sulphur, (m) Orgamc sulphur, and (iv) Free sulphur. 

The present author had an opportunity ol studying a numboi ot high 
sulphur Tertiary coals ol India and he is highly indebted to Dr Fox for 
extending facihties for this work and also lor his valuable suggostious. 

It will not bo out oi place here to mention something i-ogardmg the 
source and ongm of sulphut compounds in coal It may be pomted out that 
the ooals formed under fresh water conditions have always a very low total 
sulphur content, whereas the coals formed undei maiine and brackish water 
or estuarme oonditious have always a very high jioicentago of sulphur. This 
question has been discussed by several eaiher workers who thmk that both 
pyrites and orgamo sulphur oompouuds are better developed under ostuanno 
and marme water by bioohemioal processes helped by sulphur secreting 
baotena (see darke-oData of Geo-chemistry, pp 160,618) A oertam amount 
of sulphate and pyrites is also formed by pure ohemioal processes. 

* Depctftiaant of Ueology, Calcutta Umvenity. 

VOL. VI— Mo. 3. LPublwhed August 2Sad, 1940. 
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The sulphur compounds m coal might have been derived from various 
sources and in different ways as summarised below — 

(i) Organic sulphur conijxiunds originally present in the plants that 

are ultimately converted into coal Small amounts of organic 
sulphur compounds (protems, etc ) from vegetable debris are 
gradually concentrated in the final coal substance, as we know 
that about 10 ft of plant debris get compacted and reduced to 
make only one foot of coal seam 

(ii) The soil on which the plants grew might have been rich m sulphur 

salts and sulphur secreting bacteria and the plants nught have 
thus obtained a sufficient supply of sulphur compounds and, after 
assimilation, these salts were probably retained as various organic 
sulphur compounds, besides some inorganic sulphur salts Such 
plants might have better contributed to the sulphur content of 
some high sulphur coals Tho lemains of sulphui bacteria 
might have given rise to sulphates m the soil to bo ultimately 
used as plant food 

(ill) After deposition m the manne and estuarine waters the vegetable 
debris wore subjected to complicated process ol putrefaction 
and coahhcation when complex chemical and biochemical 
changes started, together with the activity of micro-organisms 
under favourable conditions, as a result ot which various sulphur 
compounds have possibly been formed and retained by the coals 
as their constituents In this way pyrites as well as many 
orgamo sulphur compounds have been foimod by bacterial 
activity Some pyrites and sulphates might have also been 
formed by purely morganio processes 

Only unaltered and fresh specimens and those clean pieces having no 
pyrite patches were subjected to laboratory investigations Dunng analytical 
work the methods adopted by Powell and Parr were generally followed In 
the fresh and unaltered sjpecimens of Tertiary coals of India the author had 
been able to detect all the forms of sulphur except tho free* sulphur While 
visiting some coalfields m the Khasi Hills (Assam) and Bokaro coalfield 
(Hazanbagh) the writer could however find in tho weathered coal faces traces 
of free sulphur But this appears to have been formed by secondary changes 
dunng the process of weathering. Such altered and weathered specimens 
were not used for tho quantitative determination of various sulphur forms 
For pyntic sulphur determination 1 gm. of coal (100 mesh) u digested 
with 80 c 0 dilute mtric acid (1 3) and the solution allowed to stand at room 
temperature for about 4 days dunng which time all the pynte wdl be completely 
oxidised and dissolved Any sulphate if present will also go into solution. 
The solution is then filtered, the mtno acid dnven off by evaporation and the 
residue taken up m some water and hydrodilono acid The sulphur is then 
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preoipitated as BaS 04 by barium ohlonde solution and the amount of sulphur 
m coal IS obtained by calculation The value for pyntic sulphur is then obtained 
by subtracting the amount of sulphate sulphur determined separately 

The sulphate sulphur is determined by extraction of coal with dilute 
hydrochlonc acid. 6 gm of coal (100 mesh) is digested with 300 c c of 3% 
hydrochloric acid for 40 hours at about 60®C A higher temperature would 
cause the sulphur to escape as sulphuretted hydrogen gas The solution is 
then filtered and the sulphur precipitated by the banum chlondo method 
A certain amount of orgamc sulphur could be leached by phenol and 
pyridine treatment but complete removal of orgamc sulphur was not effected 
by such orgamc solvents The amount ot orgamc sulphur was therefore 
obtained by difference 

The total sulphur m coal was determined by following the usual Eschka 
method. 

In the hand specimens of many of the Tertiary coals of India patches, 
granules and lumps of pyrite are often easily detected. When occurring as fine 
disseminations in coal it may escape detection by the naked eye but when such 
coal IS exposed to moist air for some time the xiynte gets decomposed and 
altered to ferrous sulphate During this process increase in volume takes 
place and the coal usually is fissured and reduced to powder Such a change 
18 often observed in museum specimens exposed to humid chmate 

In the Qondwana coals of India pynte and maroasite are found to occur 
in very small patches and the sulphur content is usually very low as compared 
to that of the Tertiary coals of India 

In the case of pynte occurring in big lumps and granules, conditions may 
sometimes be favourable for their removal by mechamcal washing arrange- 
ments but this process would not be successful when there is very fine 
disseminations of pynte. 

VThen coal is burnt, i e dunng the process of combustion, pynte is 
decomposed and sulphur is oxidised to SOg sud subsequently to SOg and finally 
to Bulphuno acid This is why the sulphur beanng coals when burnt on the 
grates give off sulphurous smoke and the metaUic parts of the boiler get easily 
corroded damaged. When coal seams contaimng pynte are exposed to 
humid atmosphere in wimaa pynte is gradually oxidised and converted to 
ferrous sulphate with the formation of some amount of sulphunc acid. This 
IS why the percolating water accumulating m the sump is generally acidic and 
the pumping machinery including the pipes get corroded and damaged 

High volatile pyntous coals when subjected to process of high temperature 
carbonisation give off sufficient sulphurous smoke and the gas that is obtained 
has always to undezgo purification proows if it is to be used for town 
lighting ftud other domestic purposes If such cool happens to be of good 
quahty type the coke obtained by high temperature carbonisation 

»5 
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usually retains a certain amount of sulphur and the coke is thus rendered 
unsuitable for being used in the smelting operations It has been found that 
pynte in the coal on combustion is completely decomposed and the sulphur is 
eliminated as SO2 to be finally oxidised to sulphurous and sulphunc acids, 
iron being converted to oxide or silicate as the conditions prevail 

Sulphur in the shape of sulphate of iron, calcium, alumimum, etc , some- 
times occurs in coal specimens and usually remains in the ash after complete 
combustion and may thus be regarded as an inert form of sulphate sulphur 
The only deteriorating effect of this form of sulphur is that it will absorb some 
amount of heat during combustion This sulphate sulphur is generally found 
to occupy the joints and cleats and the planes of laminations showing that this 
might be due to process of secondary infiltration It may however form a 
part of the onginal inorganic matter which on combustion gives rise to inherent 
ash It has been found that dunng combustion the sulphate sulphur suffers 
very httle change and usually remains as an inert sulphate in the ash 

While deahng with Tertiary coals of N W India and Assam it was found 
that the amounts of total sulphur m many of them were much higher than the 
ash contents as shown m Table I This feature attracted the notice of the 
present author who advanced a smtable explanation in a previous publication * 

Tabui I 



Mach 

Watch- 

ing 

Borjcui 

Tipong 

Pmu 

Nam- 

dang 

Chorra- 

punji 

Lait- 

nngow 

Than 

ginat 

Ash 0/0 

2 32 

0 42 

3 03 

3 02 

0 60 

2 76 

3 66 

2 43 

Total sul- 
phur % 

3 06 

6 10 

3 76 

611 

3 01 

3 18 

3 78 

3 01 


On laboratory investigation of clean and ffesh specimens (see Table IV) 
It was found that the pyntic sulphur content m the coals was very small com- 
pared to the total sulphur content. The coals, however, possessed a very low 
amount of ash. The major portion of the sulphur was found to be in an orgaiuo 
state of combination This interesting feature can be explained by the assump- 
tion that the onginal vegetable mother substance was of great purity m the first 
place and during the tune of deposition it was not nuxed up or contaminated 
with large amounts of dirt or impunties, nor were the coal seams, after they 
had been deposited, traversed by peroolatuig water charged with iron or other 
salts. The sulphur deposited in the coal seam was m vanous orgamc com- 
pounds which on burning leaves no ash. This accounts for the low ash and high 
sulphur content of these coals. This organic form of sulphur was apparently 
formed and deposited in the coal dunng the process of coaJifioation including bio* 
chemical changes and bacterial activity and the source would be in the originAl 
mother substance together with the remains of sulphur secreting organisms. It 
15s 
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was pointed out by Anderson Roberts that the presence of sulphur m the coal 
acid was a definite proof of the existence of organic sulphur in the coal. In 
support of the suggestion now made by the present writer some evidence in 
the shape of laboratory mvestigations may bo cited Clean, fresh and unaltered 
pieces of Watching and Namdang coal of Upper Assam were carefully selected 
and particular attention was given to remove any trace of visible pynte granules 
or patches These specimens on analysis were found to contain very small 
amounts of pyntic and sulphate sulphur whereas orgamc sulphur was present 
in sufiElcient amount The ash content in either case was well below 1% 
whereas the total sulphur was 6% and 3% respectively for Watching and 
Namdang coals The specimens of these coals were allowed to remain m the 
museum under humid Calcutta ohmate for a number of years and after careful 
re-examination the coal fragments appear to have remamed very fresh and have 
retained the same lustre as before No pynte patches were visible nor could 
any amount of sulphate be detected on close examination The coal pieces 
have thus suffered no crumbhng due to decomposition and oxidation of pynte 
The coal has in other words withstood the weathenng remarkably well A 
reference to analytical Table IV will show that these two specimens under 
examination contain small amounts of pyntic and sulphate sulphur On 
being exposed to humid conditions for a long time all the pyntic sulphur should 
have been completely converted to sidphato and as a result of this alteration 
the value qf sulphate would have been much greater m the weathered specimens 
On re-examination a shght increase in sulphate has been noticed but complete 
oxidation and alteration of pynte has not resulted It may be said by way 
of explanation that as the coal is compact and as the pynte occurs m very 
small granules and is interspersed in the coal substance it had escaped 
weathenng Only those few granules that came in contact with the atmosphere 

were oxidised to sulphate On the other hand, other pyntous coal specimens 
on being subjected to similar weathenng process have been completely reduced 
to powder with the formation of sulphate efflorescence products The speci- 
mens on careful analysis appear to have retained the same amount of total 
sulphur This shows conclusively that the major portion of sulphur is in 
an orgamc state of combination and is hence not affected by weathenng The 
orgamc sulphur compounds on combustion get completely decomposed and 
leave behind no ash This may be considered to be the satisfactory explanation 
why we find in these coals a high percentage of sulphur irrespective or indepen- 
dent of low ash content This would indicate that by any mechamoal means 
of washing the organic sulphur caimot be removed and as there is a sufficient 
amount of orgamc sulphur in many of the Tertiary coals of India in sta ll ation of 
washing plants will not prove very successful in eliminating all the sulphur 
content ^m the coals. Only the big lumps and granules of pyrite might be 
removed by such a prooess of washing or under more favourable o o n d i t iona by 
hand*jdcking. During tiie prooess of coal combustion the organic sulphur is 
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completely decomposed and is given out as SO 2 in the product of combustion 
and will thus produce a corrosive effect on tho metaUic parts of boilers and 
other steam-raismg plants 

The forms in which sulphur generally exists in coal are therefore 
(1) pyritio, (11) sulphate, (111) orgamo, and (iv) free When coal is carbomsed 
or burnt these different forms of sulphur behave differently and are spht up 
mto forms which wo record as (1) fixed sulphur, (u) volatile sulphur, 
(ill) combustible sulphur, and (iv) non-combustible sulphur It may be men- 
tioned that the mere knowledge of the presence of orgamo, pyntic and sulphate 
sulphur m coal does not help the coal consumer to the fullest extent and his 
decision regardmg proper selection of coal will not be satisfactory unless the 
amounts of fixed sulphur, volatile sulphur, combustible sulphur, and non- 
combustible sulphur are taken into proper consideration In the following 
hnes an explanation of these sulphur forms and their scope and bearing on 
mdustries is given 

(i) F%xed sulphur. It is the amount of sulphur retained by the coke 
when the coal is carbomsed This is a very important factor to the metallurgists 
and iron smelters A metallurgical coke contaimng a high percentage of sulphur 
IS not considered to be suitable for iron blast furnaces and other high class 
smelting operations. Some of the high grade caking coals of Upper Assam with 
the least possible ash and high volatile matter are excluded from high class 
metallurgical work on account of their high fixed sulphur content. 

(u) sulphur: It is the portion of sulphur which volatilises when 

the coal is carbomsed at 050*’C. for the determination of volatile matter It 
will consequently vary with the variation of temperature of carbonisation. The 
volatile sulphur is a guide to the sulphur content of the gaseous and hquid 
products obtamed from the coal When this sulphur content is high the gaseous 
and hqmd products will have to be further punfied to get nd of the sulphur 
that IS m excess of specified limit and this will naturally mvolve extra 
cost. It may be mentioned here that a certam amount of volatile sulphur may 
thus be recovered in the gas and other industries and may be sub^uently 
utilised for the manufacture of sulphuric acid. 

(ui) Combust^le sulphur: This is the sulphur that is expelled during the 
complete combustion of coal. The combustible sulphur, however, includes the 
total amount of volatile sulphur. When present in appreciable amount m 
coal, this combustible sulphur corrodes the metallic structures of boilers. 
This item concerns the fuel engineers using coals for their different types of 
boilers and other steam-raising plants. Attempts should, however, be made to 
recover the combustible sulphur from the products of combustion in vanous 
fisotories and power-generating stations and may thus be utilised for our use. 

(iv) Won-eom&fMftdfe sulphur : This is the sulphur left m the ash after 
the coal is comidetely burnt. This sulphur is considered to be inert in its 
activitieB. 
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The preeent writer made a quantitative determination of the vanoua aulphur 
forms oocumng in several specimens of Tertiary coals of India and Burma ® 
and some of the results are shown in Table IV The author has also discussed 
the question of proper utihsation of these coals in the hght of sulphur contents 
Some of the Upper Assam coals having a high percentage of fixed sulphur 
were carbonised at high temperature (060°C ) and an attempt was made to 
find out how the forms of sulphur wore redistributed m the resulting coke 

Regarding the estimation of the different forms of sulphur in coke the 
usual methods mentioned by the author have been adopted and tho results are 
already pubhshed’^ For the determination of sulphide sulphur a method 
similar to that used by Bradbury 8 and dosonbod by Parr 8 has been followed 
and tho nature of the sulphur forms studied About 2 grams of powdered 
coke are placed m a flask and about 160 c c HCl (1 1) poured into it and a 
stream of hydrogen gas is allowed to bubble through the liquid The gas 
evolved is allowed to pass through a flask contaimng a saturated solution of 
sodium peroxide which will absorb any sulphuretted hydrogen that evolves 
from the coke The content of the flask is next brought to boiling for half 
an hour and after these reactions are over the contents of sodium jieroxide 
solution are tested for the presence of sulphide sulphur by tho banum chlonde 
method Tho substance remammg m the flask contaimng coke and hydro- 
chloric acid solution is next filtered and washed and tho solution tested for the 
presence of sulphate sulphur in coke by the banum chlonde method Tho 
residue of this extraction is then treated with cone mtnc acid for two hours 
or more in order to extract aii^ynte which might remain and it has been foimd 
in all oases that no trace of pynte could be detected 

The finely powdered coke, which is boiled with dilute HCl to release the 
sulphide sulphur as H2S, is further subjected to tho action of nascent hydrogen 
in presence of dilute HCl at some elevated temperature Under those condi- 
tions some amount of HjS is removed and the action of nascent hydrogen on 
the coke indicates the orgamo nature of the coke sulphur The orgamc form 
of resimc sulphur is not found to be present m the coke as no sulphur could 
be extracted from coke by means of pyndino 

From a careful study of the laboratory investigations as given m Table 11 
it IS beheved that the major portion of coke suljAur is present in some unknown 
form Formerly it was difficult to conceive any orgamc sulphur compound 
withstanding the hi^ temperature of caking process and the development of a 
more stable morgamo form during the process was considered a more probable 
explanation The treatment of the coke residue with HCl and HNOs 
various ways has however failed to extract all of these sulphur contents. It is 
suggested that during the caking process secondary reactions taking place 
between the complex coal constituents and the decomposed sulphur oompounds 
may be responsible to some extent for the quantity of sulphur m stable form 
which 18 retained by coke. 
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Tablb n 


% 

Ckial 

Coke 

Coke from 
ooal 
washed 
with HCl 

Coke acted 
on by 
hydrogen 

Coke acted 
on by 
nascent 
hydrogen 

Namoanq 






Total sulphur 

3 01 

2 56 




Volatile ,, 

1 68 





Fixed „ 

(Sulphur in coke) 

143 

2 56 

2 48 

2 56 

2 56 

Sulphide sulphur 

000 

0 03 

0 03 

0 06 

0 10 

P3Titio „ 

0 03 

000 

000 

000 

000 

Sulphate ,, 

0 02 

0 016 

000 

0 016 

0 016 

Organic „ 

2 66 

000 

000 

000 

000 

Unknown „ 

000 

2 51 

2 45 

2 48 

2 44 

Watching 






Total sulphur 

6 10 

4 11 




Volatile „ 

2 82 





Fixed „ 

2 28 





(Sulphur in coke) 

Sulphide sulphur 

000 

4 11 

0 08 

3 60 

0 08 

4 11 

0 12 

411 

0 26 

Pyntio ,, 

0 43 1 

0 00 

000 

0 00 

000 

S^phate ,, 

0 04 

0 03 

000 

0 03 

0 03 

Or^mo ,, 

4 64 

000 

000 

000 

000 

Unknown ,, 


400 

3 52 

3 06 

3 83 

Tipono Pani 






Total sulphur 

5 11 

3 72 




Volatile ,, 

300 





Fixed „ 

(Sulphur in Coke) 

Suli^de sulphur 

2 11 






3 72 

3 45 

3 72 

3 72 

0 00 

010 

0 10 

0 11 

0 24 

Pyntio „ 

0 13 

000 

000 

000 

000 

Sulphate „ 

0 06 

0 02 

000 

0 02 

0 02 

Organic „ 

Uidcoown „ 

4 40 

000 

360 

000 

3 36 

000 

3 60 

000 

3 46 


Regarding the ooourrenoe of this stable form of sulphur m coke the vanous 
possibihties were discussed by Farr It may be mentioned that m the case of 
the specimens under investigation mtnc acid could scarcely extract any sulphur 
from coke showing that all the pyritio sulphur had completely decomposed. 
Treatment with different reagents mcluding HF did not however release any 
H|S. These considerations together with the results of nascent hydrogen 
treatment suggest the probabihty of some form of orgamc sulphur compound 
the defimte nature of \duch has yet to be understood. It is however a well- 
known fact that mtrogen, sulphur and hydrogen may remam in organic com- 
bmation at very high temperature (1000®C.) as shown by hberation of NH* 
and HjS by treating red-hot coke with water vapour. 

Laboratory mvestigations show that dunng the process of caking, pyritio 
sulphur gets compktely decomposed as no trace of it is detected in the coke. 
The sulphate sulphur remams more or less unchanged and is retained by the 
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coke A slight decrease of sulphate sulphur is perhaps due to the partial 
reducing action of red-hot carbon on the sulphate The analytical results 
also show that by digesting the coal with HCl the sulphate sulphur is com- 
plotoly removed and that the coke obtained from this washed coal docs not 
contain any sulphate sulphur Reganiing the sulphide sulphur form it may be 
said that dunng caking this form of sulphur gets slightly developed Some 
experiments were carried out by the author to find out the possible nature 
and source of this sulphide sulphur A jiortion of the coal was digested and 
washed with HCl to get nd of any sulphate sulphur and the washed coal was 
subjected to high temperature carbonisation and the resultant coke was 
analysed and the results given in Table II show that the coke from washed 
coal contains some amount of sulphide sulphur Another jiortion of the coal 
that was washed with dil HCl was further treated with an organic solvent like 
pyndine to get rid of organic resinic sulphur and subsequently subjected to 
caking process The coke thus obtained was subjected to chemical treatment 
and was found to release a small amount of sulphide sulphur These results 
indicate that the sulphide sulphur does not originate irom sulphate or resimc 
orgamc sulphur but possibly from some other stable form of sulphur during 
the process of caking, the orgamc nature of which has yet to bo properly 
understood. 

Regarding the proper iitihsation of the different coal samples, attention 
should always be given to the amount of the different sulphur forms ui them 
It 18 a well-known fact that a large amount of combustible sidphur in coal will 
have a oorrosive action on the metallic structures of boilers and steam 
raising plants and that coal having a high percentage of fixed sulphur (1'5% 
or more) cannot be recommended for the manufacture of metallurgical coke 
smtable for blast furnaces and other high class smelting operations It may 
however be noted that the above-mentioned high volatile coals of Upper Assam 
with low ash percentage may bo tned as pulverised fuel or may be used for the 
maniiiaoture of gaseous fuel In the latter case the sulphur may be recovered 
from the gas dunng the purification process and utilised for the manufacture 
of sulphuno acid. As there is an appreciable amount of orgamc sulphur it 
will not be possible to get nd of all the sulphur by any mechanical process 
of washmg. In support of this an expenment was earned out on a small 
laboratory scale when the clean and unaltered Namdang coal after washing 
was found to retain almost the whole amount of sulphur which was afterwards 
found to be mostly in an orgamc state of combination The author however 
suggests that the sulphur content in the high grade coals may be reduced to 
some extent by rniring or blending with other vaneties of coal or coke dust 
with lower sulphur content so that the blended coal may be a slightly better 
fuel The ratio of such blends has to be determined by tnals The attention 
of the colliery propnetors and mimng engineers is drawn to this suggestion 
for farther investigation The high sulphur coab may better be utdised m 
the ovens and kil ^ where the flimie does not come in direct contact with 
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any metallio structures In coals having low ash and low pyritio sulphur 
there will be httle chance for the formation of fusible sUicates or ohnkers 
m the ash In the case of some Upper Assam coals with a high amount of 
volatile matter and very low ash content the writer suggests that the different 
coal samples may be utihsed as colloidal fuel (petroleum being easily available 
m the locality) so that a certam amount of petroleum might be reserved and 
coal might in turn be better utilised 

Formerly the high percentage of sulphur in the Tertiary coals of India 
was thought to be chiefly duo to the presence m them of iron pyrite and the 
total sulphur alone used to bo determined It has now been found from the 
investigations of the present author that a coal with high total sulphur may 
have only a very small amoimt of pynte in it and this high sulphur content 
may be due chiefly to the organic form 

In conclusion the author desires to draw the attention of the coal producers 
and coal consumers to the fact that the total sulphur is not the only entenon 
which should form the basis of selection of coal but that the different forms of 
sulphur m coal should be determined before a particular high sulphur coal is 
recommended. 

In Table III the results of proximate analyses of some of the Tertiary 
coals of India are given and Table IV shows the amounts of different sulphur 
forms m them The method of proximate analysis adopted in the laboratory 
has already been discussed m a previous communication 

ExplancUion of Table IV. 

The values of different sulphur forms are given in percentages of coal 
Total sulphur is determined sejiarately Fixed sulphur is the amount of 
sulphur in coke calculated in terms of coal This fixed sulphur together with 
volatile sulphur forms the total sulphur Non-combustible sulphur is the 
amount of sulphur in ash calculated in relation to coal The non-combustible 
sulphur and the combustible sulphur together form the total sulphur Pyntio, 
sulphate and the orgamc sulphur detenmned separately all go to make up the 
total sulphur. 
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MOISTURE IN COAL 


E R Qkb, M a {Cantab ),FG8t Oeologtcal Survey of India 

That coal has been denved by the chemical decomposition of vegetable 
debns that existed dunng an earher geological age is agreed at least by the 
vast majonty of scientific workers. And althougli we are still very much in 
the dark as regards the exact chemical constitution of the resultant ooaly 
matter certain facts regarding the nature of the processes that led to the 
conversion of the vegetable debns into peat, brown coals and hgmtes, 
bituminous coals, and into anthracites are at least apparent In the very 
earher stages, following the deposition of sediments over the vegetable debns, 
the rapid de-watenng of the debris was undoubtedly the principal feature 
With the increase of pressure and a nse m the temperature as a result of the 
increasing thickness of the overburden, chemical changes undoubtedly set m 
rapidly within the much-compacted mass of vegetable matter. Whether 
one accepts the peat — ^brown coal — ^ligmte — ^bituminous coal — anthracite 
theory or not, one must at least admit that the changes involved included 
(I) the further gradual elinunation of water as a result of both physical and 
ohemioal reactions, and (2) the ehnunation of oxygen, possibly as CO^ and 
Hj|0 dunng chemical decomposition 

The above-mentioned changes are exemplified in the following analyses 
of the vanous members of the peat-anthracite senes quoted below — 



Irish Peat 

Morwell 
Brown coal 

Malayan 

Ligmte 

Bituimnous 

ooal 

(Dishergarh 

seam) 

Welsh 

anthracite 

Percentage HoO 
m raw matenal 

90 

66 1 

20 

26 

10 

Percentage 0« m 
dry, asmesa 
material 

32 

29 

20 

10 

40 


The above-mentioned moisture, which is ‘ residual ’ to the ongmal vegetable 
debns or the result of chemical changes taking place dunng the maturing of 
the coal, may be regarded as inherent in the coaly matter and in the mineral 
matter that is included in the coal. This inherent moisture, with the exception 
of that combined with the muieral matter, is ehmmated when the coal is heated 
for a short penod at about 105*’C. 

In addition to the above-mentioned ’inherent’ moisture, coal is known to 
absorb appreciable quantities of water when exposed to a humid atmosphere, 
especially if the coal is in a finely divided state. Such additional moisture 
is likely to be absorbed in the mines, during transportation m open wagons, or 
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during washing Moisture of this t 3 rpe is, however, at least largely ehnunated 
by air-drymg 

In view of the above chemical and physical chains during coahfication it 
would, therefore, not be surprising to find a close relationship between the 
proportion of ‘inherent’ moisture and the degree of maturity of a coal This 
appears to be the case in at least many Indian coals The well-matured 
cokmg coals of the Jhana, Gindih and Ranigan] fields are all low in moisture — 
not more than 2 per cent and very often less than one per cent (calculated on 
an ash-free basis) In the case of the non-caking and semi-oaking coals of 
the Barakar measures of other fields and of the Bamganj coal measures, the 
moisture usually vanes from about 3 to as much as 10 per cent 

A study of the composition of the coals of the Ramganj field and of certain 
of the Barakar coals of Jhana and Qindih shows that the caking properties of 
these coals are also definitely related to their oxygen contents, calculated on a 
moisture-free basis This relationship has been recogmsed in the case of other 
countries 

It 18 foimd that the hard-caking coals of the Barakar measures, which are, 
as above-mentioned« low in moisture, are relatively low m oxygen — ^less than 
8 per cent calculated on the dry, ash-free basis The Sanotona and 
Dishergarh seams of the Lower Raniganj measures, which yield a fairly hard, 
vesicular coke on carbonisation, usually contain from 1 76 to 3 0 per cent 
moisture and an oxygen content of about 9 5 to 11 per cent, whilst the poorly- 
caking and non-caking seams contain higher percentages of moisture and 
oxygen percentages of about 11 5 to 14 This relationship is well-illustrated 
when wo trace the change in the Sanctoria-Pomtati seam across the Ramganj 
field, from the relatively low moisture, caking coal of the Sanctona-Sitalpur 
area to the less strongly caking coal of the Charanpur-Shnpiir area, into the 
non-caking or very poorly caking, high moisture coal of the Damodarpur- 
Akholpur area This seam, and also others in the field, affords an excellent 
example of a coal seam showing considerable change in chemical composition, 
laterally 

It appears therefore that the moisture content of at least a number of 
Indian coals is closely related to the rank of the coal — that is, to its d^pree of 
maturity. As the coal moreasmgly matured giving nee to low oxygen caking 
constituents, so at the same time the inherent moisture was being gradually 
eliminated as a result of the chemical changes that took place. 

In addition to the moisture present in the combustible element of coal, 
there is also the water of oombination that occurs in the various hydrated 
minerals which comprise the mineral matter. This water of hydration is 
usually not eliminate at the temperature of 105*’C to which the sample is 
normally heated in order to determine the ‘proximate moisture’ In some 
oases it is necessary to heat tibe mineral matter to temperatures of 300‘’-^00'’C. 
before this water is dnven off. The amount of H|0 in question is obviously 
not sufficient to make any appreciable dififorenoe to the total ‘proxunate 
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moisture* of a particular sample but m the case of accurate ultimate analytical 
work, when deahng with infenor coals containing say over 20 per cent of 
mineral matter, this water of hydration may well affect the detemunation of 
hydrogen (and oxygen) It might, therefore, be necessary to de-ash such coal 
samples as far as possible by dissolving out the mineral matter with acid 
(hydrochloric and hydro-fluoric) prior to determining the carbon and hydrogen 
There is one other point I would like to mention, namely the percentage 
of moisture that is absorbed by smokeless fuel in India during the monsoon 
penod When burning smokeless fuel m England, the difference between its 
Ignition temperature during the dry months as compared with the wet winter 
periods was very marked During the former, the fuel ignited without 
difficulty whilst during the latter it was necessary to mix it with coal or wood 
in order to get it to bum satisfactorily Possibly, the question has been 
investigated m India It is, I think, a point of some practical importance in 
connection with the question of increasing the popularity of such fuel in this 
country, for during the monsoon season thoro is the possibility ol these soft 
cokes absorbing appreciable quantities of water, during transport and dehvery, 
and so beoommg very difficult to ignite 




A CRITICAL STUDY OF SOME INDIAN COAL ASHES 


By B, K Dutta Roy, M 8c, Dr Ing , Qedlogtcal Survey of India 

In coal, the mineral matter, which gives nse to the ash when the coal is 
burnt, may be generally classified as inherent and extraneous impurities 
The former is derived either from the morgamc salts of vegetation from which 
the coal was formed or from dust or sludge carried and deposited by 
wind and rain The latter represents partings, bands or nodules of pynte, 
shale and calcite, etc In consequence, the coal ash consists mainly of silicates, 
sulphates, phosphates, alumina, hrae, magnesia, oxide of iron and alkalies 
It also contains traces of Cobalt, Nickel, Silver, Barium, Zinc, Lead, Cadmium 
and rare elements.^ 

From the commercial and mdustnal point of view, the quantity, 
composition and the fusihihty of ash in coal are of considerable importance 
It IS an imperative necessity both for the metallurgist and the fuel-engineers 
to be well conversant with the characteristics of fuels that are going to be 
consumed either for metallurgical operations (such as blast-furnace or foundry) 
or for boilers and gas-producers When selecting coke for the blast-furnace or 
the foundry, it is of considerable importance for the metallurgist to consider 
the ash -content and the composition of the ash of the coke along with other 
important properties of coke such as porosity, hardness, combustibihty 
and uniformity of the size, etc The serious disadvantage which is met 
with m the blast-furnace operation due to the high ash-content in coke is 
well known. The high ash-content naturally diminishes the calorific value of 
the coke and further it necessitates the addition of lime to flux the ash and to 
hquefy it into slag, a certam amount of more fuel is required besides the mcreased 
blast, steam and tune, etc. 

Again the percentage of ash-content is not the only factor involved in the 
evaluation of the smtabihty of the coal for fuel purposes For the efficiency 
of the boilers and gas-producers, the fusibihty of ash plays an important r 61 e 
The lower the fusion-temperature of the coal-ash, the greater is the tendency 
to form oUnkers on the fuel-bed m the case of boilers and gas-producers. The 
formation of dinkers on the fuel-bed is detrimental for the following reasons . — 

(I) Firstly, combustible matter becomes enclosed withm the molten 
‘ash’ which excludes air finim it and the coal so enclosed passes away into the 
ash-pan and is thus wasted. 

( II ) Secondly, inefficient combustion takes place since the clinkers prevent 
the induction of air through the fuel-bed 


1 Qoldsohmidt, V. M., Ind, and Eng Ohmutry, 87, 1100, (lOSfi). 
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(III) Thirdly, the coal-ash may attack the rehactory materials of the 
furnace and also cause excessive damage to the fire-bars 

(IV) Fourthly, the chnkers necessitate further labour cost for cleaning 
the furnace 

From what has been said, it is clear that a thorough study on the 
composition and fusibility of ash is of vital importance for determiiung the 
factors m connection with the question of fuel-economy in the Iron and Steel 
Industry and in boiler plants 

The object of this paper is to present the results of investigations carnefl 
out on the composition ot ash on the following lines — 

(I) Firstly, the chemical comjxMition and the fusibility of ash obtained 
by burning coal at 960°C 

(U) Secondly, the chemical composition of ash obtained by burmng 
coal at different temperatures (760®C , 860“0 and 960“C ) 

Though c'omprehensive studies have been made on the physical and 
chemical properties of Indian coals, the work done on the composition of 
ashes has been very limited The Memcnra and the Records of the Geological 
Survey of Indta^ furnish some valuable information regardmg the composition 
of coal-ashes Recently Mazumder * has studied the chemical composition of 
ashes of 49 different samples of coal from vanous parts of India but he has not 
dealt with the fiisibihty of ash 

The Chbmioal Composition and the Fusibility of Ash 

The ash in coal is considered to be a deletenous ingredient since it is 
an anti-calonfio substance which does not produce heat but actually absorbs 
heat in attaining the temperature of the fire The composition of the ash 
vanes widely from seam to seam and the variation m the composition may 
sometimes occur along a particular seam 20 samples of coals have been 
selected for the investigation and the area from which they have been collected 
are as shown below: — 

V Jhana field . 9 

Raneegunge field 9 

Salt Range 1 

Assam coal 1 

20 


1 Fox,C S, The Natural Hutoiy of Indian Cool, llfem Q J3 J ,yol LVn.pp 148-160, 
(1031). 

Fox, 0 S , The Lower Gkindwana Coalfields of India, Mem. OJ9 I , Vol. LIX, 
pp 66-67, 127, 146, (1034) 

Gee, E R , Tb^ Geology and Oocd resources of Raniganj Coalfield, Mem. OJ3J.t 
Vo) LXI. pp 266-266, (1032) 

• Masumder. J., JPW, Vol XVll, 8. p 230, (1038) 
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Tho proximate analyses and the colours of the ashes of the respective 
samples are shown m Table I The analyses of ashes, which were obtained by 
burnmg coals at 950°0 in an electric muffle, have been performed acoordmg to 
tho standard methods i and the results are recorded m Table 11 

From Table I, it will be evident that tho colour of tho ashes vanes 
from white to buff and it is rather uiterestmg to find out if any relation exists 
between tho colour and the chemical composition of the ashes The buff and 
reddish colour in ash is generally due to the presence of iron-pyrites and 
manganese Generally speakmg, tho colour of tho ashes of coals from the Jhana 
field varies from white to grey while that from tho Eaneegungo held vaiies from 
drab-grey to buff This strikmg variation m colour of tho ashes of the two senes 
of coals cannot bo fully explamod by the difference of the iron and manganese 
contents Hence it is rather difficult to warrant tho laying down ol any 
definite relationship between the colour of the ash and its chemical composition 

The chemical composition of ashes (Table 11) reveals tho fact that m general 
there exists no marked difference between the mmerai contents of the coals 
of tho Jhana held and the Raneegunge held The chemical composition of 
two Tertiary coals (one from tho Salt Range and tho other fiom Assam) differs 
markedly from those of tho Jhana field or the Raneegunge field These contam 
a high percentage of SO 5 while P 2 O 5 and MnO are conspicuous by their insigni- 
ficant amounts This variation in composition of the ashes of Tertiary coals and 
of Gondwana coals of Jhana and Raneegunge fields is of considerable importance 
to stimulate speculations regardmg the formation and origin of Tertiary coals 

Having studied the chemical composition of ashes, it is of special importance 
to make investigations on the fusibility of ashes It has already boon stated 
that the behaviour of ashes on meltmg is an important factor for the calculation 
of efficiency of tho boiler plants or gas-producers Various mehods have been 
recommended for the determination ol the fusion point of ash from time to 
time, by different mvestigators The methods often employed consist in 
moulding the ash mto the form of seger-cones with some suitable material 
and testmg them m furnaces The temperature at which the tip of the cone 
touches the 'base of the supporting material is regarded as the fusion- 
temperature 

La Chateher and Chantetre * and Cobb > found out the fusion-points of 
ashes by malring balls from the ashes and heatmg them m furnaces Marks * and 
Rickets s determined the fiision-pomt by usmg the seger-cone method Later 


1 Mdk>r, J. W — A Treatise on Quantitative Inorgamo Analysis, (1938) 
Washington, H. S — C-hemioal Analysis of Rooks, (1930) 

Hillebrand and Lundell— Applied Inorgamo Analysis, (1929) 

« Bulletin Soo d’enoour , p 273, (1902). 
s J. 8oe. OAam. Ind., p. 11, (1904) 

« J. Am. Soo. Chom. Eng., p. 20S, (1913). 

> Ibid., p. 213, (1916). 
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Colour of ash. 

Ckey 

Cream 

Grey 

White. 

Grey 

PuikiBh white 
Salmon buff 

Drab grey. 

Light buff 

Drab grey 
laght buff 

Pinkish buff 

Ecru drab 

Pinkish buff 

G Index 

oot- ee r- - hps© in fh -ho 

% S 

0S6 

0*43 

054 

0 68 
054 

0 57 
054 
044 

0 47 
043 

0 23 

0 28 

0 24 

0 28 

0 32 

0 30 

0 28 

0 35 
565 

3 08 

F.C % 

59 70 

59 66 

62 80 

60 30 

61 38 

61 70 

56 34 
6015 

55 38 

62 66 

49 33 

47 98 

49 75 

48 63 

54 70 

45 56 

49 98 

53 97 

44 29 

51 20 

as 

1 

5-08 

4 42 

5 32 

6 28 

3 70 
380 

8 10 

0 10 
430 
284 

3 27 

1 82 

1 15 

0 24 

2 72 

4 34 

0 10 

7 31 

9 24 

4 76 


VM % 

24 42 

24 62 

2106 

22 80 

24 32 

23 60 

24 76 

28 30 

28 56 

23 10 

35 40 

38 20 

36 50 

38 63 

30 20 

37 80 

37 92 

34 12 

43 43 

43 06 


080 

130 

0 82 

0 62 
060 
090 
080 
145 

1 76 
140 

200 

200 

260 

250 

2 38 

2 30 

200 

460 

304 

0 98 

1 

11 seam See B 

11 seam bot- 
tom 

12 and 13 seams 

13 seam 

14 „ 

16 » 

16 „ 

17 „ 

18 

TopRamnagar 

Dishergarh 

seam 

Mohuda bot- 
tom 

Dishergaih 

Pomati 

Matorwid 


Barakar Senes 

»» 

Raneegunge 

Senes 


Jhana field 

Raneegunge 

field. 

Salt Range 


III 
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on, Smnat and hw co-workers i developed a method m which ooal-aeh was 
pressed through a circular orifice to form ash-rods and the fusion-pomts of 
these ash-rods were noted Fieldner, Hall and Field * made classical researches 
on the various factors that are responsible for the accurate determination 
of the fusion-pomt Of the various factors, the most important is the nature 
of the atmosphere m which the ash is heated In expressmg the fusion- 
pomt, the oxidisuig or the reducmg zone of the furnace used must be defimtely 
stated The other important factors on which the fusion-pomt depends are the 
following. — 

(а) the rate of temp^ture-inorease m the furnace, 

(б) fineness of ash 

Recently Bunte and Baum,^ and King, Blackie and MiUot* have mtroduced 
some modified methods for the determination of fusion-pomts 

The method employed here is as follows — 

The ash is finely powdered m an agate-mortar — ^moistened with a solution 
of dextm and moulded mto small triangular pyramids These are then 
allowed to dry m air and are then vertically mounted on a refractory base 
along with the soger-cones The air and gas entering the furnace are adjusted for 
regulatmg the atmosphere as well as the increase in temperature in the furnace 
The atmosphere surroundmg the ash-cones consists approximately of equal 
parts of oxidismg and reducmg gases The rise of temperature per mmute is not 
allowed to be more than ten degrees centigrade The temperature is carefully 
noted when the apex of the cone begins to bend by optical pyrometers and this 
18 then compared with the s^r-cones used Thus an accurate fusion-pomt 
IS obtamed The fiision-pomts of ashes along with their chemical composition 
are recorded m Table II. 

From the results it is evident that, generally speaking, two broad 
generalisations can be drawn: — 

(I) Firstly, the fusion-points of ashes frOm the Jharia field are higher 
than those from the Bane^unge field and tertiary coals. 

(II) Secondly, the fusion-pomts of the ashes of tertiary coals are compara- 
tively lower than those of Jhana and Baneegunge fields 

The relationship between the fusibility and the chemical composition of 
ashes seems not to be of a defimto character The mam constituents of ash 
are sihoa, alumina and iron-oxide with small percentages of other constituents 
such as lime, magnesia, alkalies, etc As is well known, of these alumina has 
got the highest meltmg pomt, • e 1776°C and sihca has a meltmg pomt of 
If alumina and sihca are present alone, m the proportion m which 


» J. 8oc. Okmn. Ind., 42, p. 267T-272T, (1028). 
« UJ3. Bur. 0 / Miner BuU.. 129, (1918). 

• Gar and Warmfirdh., 97, p. 120. (1928). 

* Fua Brrrareh Trehnioal fo/per 23. 
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they occur, there is practically no chance of their melting at the fuel-bed of 
the boilers or the gas-producers The other components such as iron-oxide, 
lime, magnesia and alkalies have the eflfeot of a flux upon alumina and silica 
present and thus reduce the fusion-point of ash The fusion pomt generally 
vanes accordmg to the ratio between the acidic components and the bases 
S1OJ-I-AI2O3 

Fe 203 -f CaO -f-MgO + Alkalies 



and the Fusion temperature. 


From Table 11 it will be observed that this ratio varies from 9-50 to 
3-06 Broadly speaking, the greater the ratio, the higher is the fusion-point 
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The mean onrve plotted against the ratio of SiOt+AlfOg to Fe208+Ca0+ 
Alkalies and the fiision temperature of the ashes affords oonsistenoy to 
the above generalisations but still the departure from the mean curve cannot 
be overlooked Although it is not possible to draw some defimte relation 
between the fusibility and the chemical composition of the ashes due to thoir 
complexities, the results however permit some reliable duduotions to be drawn 

(I) Feme oxide, which varies from 7 to 18%, has a fluxing effect which 
increases almost directly to the percentage composition 

(II) Lime, which vanes from 0 8 to 6%, has a similar fluxing effect 
but the combined fluxmg effect of iron-oxides and lime has a complex relation 
to the percentages of the two fluxes present 

(in) Magnesia, which vanes from 0 3 to 4% has a greater fluxmg effect 
than lime 

(IV) The alkalies are present m small amounts but their fluxing effect, 
in presence of comparatively high percentage of lime, is qmto appreciable 

(V) The ratio of sihoa to alumma ranges from 2 82 to 1 38 and the fusion- 
pomt generally increases with this ratio but below 1 4 it has a marked effect 
m decreasmg the fusion-pomt 

The function of temperature on the compoeUum of ash 

The methods, prevalent for the determmation of ash-content m coal, 
generally consist m bunung the coal at temperatures between TSO^C. and lOOCC 


TABU m. 


— 



Tbufbbatubb at which 

COAL Bxnarr 





oi» 











760*0 

860*0. 

960*0. 




Ash%. 

ABh%. 

A8h%. 

1 

Bhagatdih 

Jhana field 

16 48 

16 32 

16 08 

2 

inTitt. 


14 68 

14 67 

14 42 

S 

Ktutore 


10 71 

16 62 

16 28 

4 

Qopaliohak 

„ 

13 98 

13 78 

13 70 

6 

Kustoie 


16 42 

16 18 

16 32 

6 

Malken 


14 08 

13 78 

13 80 

7 

Sijua 


18 40 

18 20 

18 10 

8 

Jamadoba 


10 40 

10 28 

10 10 

9 

Jamadoba 


14 72 

14 58 

14 80 

10 

Victoria West 


12 91 

12 80 

12 84 

11 

Oharaapur 

Raneegonge field 

780 

7 62 

7 81 

12 

18 

Seetamur 

13 60 
12-00 

13 40 
11-02 

13-27 

1182 

14. 

Shripur 


10 42 

10-82 

10 10 

16 

Diahersarh 


11-28 

1100 

11 16 

16 

Ncga 


10-40 

10-32 

10 24 

17 

Saltor 


14 60 

14fS0 

14-84 

18. 

Muruldih 


12 98 

12 68 

12 78 

19 

Makenral team 

Balt Range 

9-08 

9 61 

924 


(Simpson Mine). 




20. 

Assam Goal 


6-01 

488 

4-76 
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While expressing the results of the ash-oontent, the particular temperature 
at which the coal is burnt is not usually mentioned Therefore it seems 
worth while to study the function of temperature on the ash-content as well as 
its subsequent effect on the composition of the ash 

For this purpose, three definite temperatures have been selected and the 
respective ashes of coals are obtamed at these selected temperatures The 
results are shown in the Table III 

From the results it will be seen that the ash-content generally diminishes 
with rise m temperature and the variation in ash-contents at the selective 
temperatures, • e (760°C , 860“C and 960‘’C ), ranges from 0 40 to 0 18% in the 
case of coals from the Jhana and Baneegunge fields while in the case of two 
tertiary coals (Salt Range and Assam coals) the range lies between 0 74 and 
0 26 In view of these results, it will be well to attach due consideration 
to the effect of temperature to the ash-content The decrease in the ash- 
content with the rise of temperature may be attributed to the loss sustained 
by the volatilisation of sulphur and alkahes 

For co-ordinatmg the effect of temperature on the ash -content on the 
one hand and on the composition of ash on the other hand, a special study 
has been made of the chemical composition of ashes obtained at different 
temperatures and the results are recorded m Table IV 

From the results the following conclusions may be drawn — 

(I) The variation of silica and alumina contents lies within a very narrow 
limit 

(II) Phosphorus, Titanium and Manganese contents remain practically 
constant 

(III) Feme oxide and lime contents mcrease with the higher temperature 

(IV) Sulphates and alkahes generally dimmish at the higher tempera- 
tures 

Summary akd Coholvsion 

1 Twenty coals from important areas have been investigated as to 
the composition, distribution and fusibihty of ash 

2 No definite relation between the chemical composition and the fusibihty 
of ash could be found From the ratio of 

Si 0 j- 4 -Alg 03 

FojOs+CaO+MgO+Alkahes 

it was found that, generally speaking, the higher the ratio the higher was the 
fusion temperature 

3. From a study of the fiision-pomt of ash, it is possible to predict the 
smtability of coals for use m boilers and gas-producers without the formation 
of clinkers on the fuel-bed 

4 The function of temperature m the determination of ash-oontent as 
well as its effect on the chemical composition has been studied. 
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CLASSIFICATION OF COAL 


By M S. Kmshnan, M A , PhD ,F N I , Qtdoguxtl Survey of India 

Coal comprises a senes of substances the classification of which has been 
attempted for many decades past The need for some type of fairly widely 
acceptable classification has been felt for specifications m tnwle, for purposes of 
taxation and customs, and m legal disputes This paper gives a short review 
of the numerous attempts which have been made m this direction 

Any acceptable scheme of classification should be scientific and systematic 
and should take into account the fundamental (‘haraoters It should be easily 
comprehensible and applicable The critena should be capable of quantitative 
measurements leaving nothmg to mere opmions and personal faitore Even 
if applied for purely commercial purposes, it should bo sufficiently systematised 
The earliest classification recognised the visual characters, agreemg broadly 
with the properties of combustion, viz — 

Lignite or brown coal Brown to black in colour, W'oody structure, 
high moisture 

Bitummous coal Black, often banded, ignites fairly easily and burns 
with flame and smoke Those which had a stiong tendency to 
agglutinate on heating were called caking coal 
Anthracite Black and lustrous and difficult to ignite, burns without 
flame 

Begnault was the first to use a chemical classification He published a 
paper m 1837 in which he defined 5 groups on the basis of ultimate analysis 
(percentage of 0+N) 



Per cent Mean (0+N) 

Anthracite 

2 62 

Lean or short flame bitummous 

4 47 

Bitummous (smithy) coal 

6 74 

Long flame bitummous 

8*89 

Dry long flame 

16 39 


Hilt and others classified coal on the basis of volatile matter and coking 
property 

The late Prof W A Bone modified the scheme of Begnault and published 
the revision in his well-known book on coal This is reproduced m Table 1 
In a report printed m 1844, Walter R Johnson listed the coals of the 
Umted States of Amenoa in the order of the ratio of the fixed carbon to the 
volatile matter, which was found to have a defimte relationship to the heat 
evolved in burning as measured by the amount of water evaporated The 
‘fuel ratio’ had its origm then 
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P Frazer (1887) used the fuel ratio on the lines followed by H D Rogers 
a few yeai-s previously His divisions were — 


Fuel ratio 


Dry anthracite 
Semi anthracite 
Somi-bituminous 
Bituminous 


100—12 
12 — 8 
8— 5 
6 — 0 


As this was based on Pennsylvania coals, no coals of lower rank than bitummous 
were considered 

C A Seyler, after an intensive study of South Wales coal, drew up a 
classification in 1901 , in which he made use of ultimate analyses The analyses 
wore redut»d to a ‘pure coal’ basis, t e , C, H, 0 and N making up 100 His 
investigations showed that the hydrogen content and volatile matter boro some 
relationship of the typo 

H = a+A log V M (both H and V M on pure coal basis) 

Coals with over 84 per cent C were grouped into three genera called 
anthracite, carbonaceous and bituminous The bituminous coals were sub- 
divided into three — ^meta-, ortho- and para-bituminous Those with C 76-84 
per cent were called lignitous Those with over 84%C were regrouped into 
genera according to the percentage of hydrogen When the oxygen was not 
high, the recurrence of hydrogen percentage in different groups produced 
coals with closely resembling characters Seyler’s classification is given in 
Table 2 

Manus R Campbell, a great authority on coal m the vUniteil States 
Geological Survey, proposed a classification in 1904 based on the ratio of C to H, 
as shown ui Table 3 

Tabia 3 



Gloss 

0 H ratio 

A 

Graphite 

ec to t 

B 

Anthracite 

? to30 

0 

Anthracite 

30 to 26 

D 

Semi-anthracite 

26 to 23 

E 

Serm-bituminous 

23 to 20 

F 

Bituminous 

20 to 17 

G 

Bituminous 

17 to 14 4 

H. 

Bituminous 

14 4 to 12 6 

I 

Bitummous 

12 6 to 11 2 

J. 

Lignite 

11 2 to 0 3 

K. 

PecUi 

. 03to T 

L. 

Wood 

72 


F. F Grout in 1907 proposed a classification based on the percentage of 
fixed carbon m the dry, ash-free coal in the coals of higher rank, and the total 
carbon m those of lower rank His scheme of 1909 was as follows: — 
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Tabls 4. 



In dry ash-free ooaL 

Class 

% Fixed 
carbon 

o/o Total C 

Graphite 

Over 99 


Anthracite 

Over 93 


Semi uithracite 

83 to 93 


Somi bitummous 

73 to 83 


Bituminous 

47 to 71 

80 to 88 

Sub bitummous 

47 to 71 

7» Bto 80 

Cannul 

16 to 47 

73 « to 88 

Ligiuta 

30 to 66 

86 to 7 i 

Peat 

Below 50 

Below 66 


In 1906 S W Parr drew up a new claaaification based on the ratio of 
volatile carbon to total carbon exprosaed as a poi centaue The volatile carbon 
was the diftoronce between the total carbon and the fixed carbon (C— F C 

V (’ 

= V (y ) The basis of the classification was thoretoni — ^ X KX) For lower 

rank coals the percentage of inert volatile mattei was used and this, m the 
pure dry coal, was got by subtracting from 100 the percentages of C, S, ash, 
H^O and available U, and multiplymg the lemainder by 


100 

100 — (Ash + moist u re) 


In 1922, Pair pubhsheii a revisetl classification making use of his ‘unit coal’, 
winch was again revised in 1928 Parr’s unit coal w pure wwd He used the 
following formulae — 


UmtBTU 


Unit Volatile matter = 


(Indicated B T U -60S) X 100 
100-(1 08 Ash+0 66S) 

[V M as determined— (0 08 Ash+O 4S)]10 
100-(1 08 Ash+0 66S) 


In Parr’s scheme the percentage of umt volatile matter is useful in the 
higher rank coals whereas the unit calorific value (unit coal B T U ) is the 
characteristic property of the lower rank coals, which will be seen from Table 6 


Table fS.—Parr'a ekunflcatton 


Anthracite 
Bemi anthracite 
Bituminous A 
Bituminous B 
Bituminous 0 
Bitummous D 
Lignite 
Peat 



% uxut V M 

Umt coal B T U 


0- 8 

16,000-16,600 


8-12 

15,000-16,600 


12-24 

16,000-16,600 


26-60 

16,000-16,600 


30-6S 

14,000-16,000 


35-60 

12.500-14.000 


86-60 

11,000-12,600 


66-80 

9,000-11,000 
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O G Ralston (1916) oaloulated a large number of ultunate analysis to the 
‘pure coal’ basis so that C, H and O totalled up to 100 He plotted the per- 
centages of these on tnaxial co-ordmates and found that the coals separated 
on the graphs into some natural groups 

J D Fisher (1927) used two sots of trilinear co-ordmates In one he 
plotted the constituents fixed carbon, volatile matter and moisture, based on 
the ash-firee coal with moisture as rained In the second wore plotted C, H, O 
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which were also on the ash-free, moist coal The approximate limits of the 
classes were shown m his diagrams by Imes 

£ Stansfield (1926), m his investigation of coals of the Province of Alberta 
m Canada, found that moisture must be taken mto account for a satisfactory 
classification There is alwa3rs some difPerence between the ash and the total 
mineral matter which must also he taken mto account The analyses were 
recast to a uniform 10 per cent ash (or 11 per cent mineral matter) which 
procedure was found to be more satisfactory than calculation to the hypothetical 
‘pure coal’ basis 

M B Campbell has described the classification adopted by the U S 
Ceological Survey in a paper presented before the International Bitummous 
Coal Conference at Pittsburgh m 1926 The details of this are shown m the 
following statement (Table 6) as well as in figure 1 

Tablb 6 — U 808 CUustJicatton 

Peat — Contains approximately 86% moisture, 10 4% volatile matter, 4 6% 
fixed carbon, 1,290 B T U 

Lignite — ^Brown, woody or composed of finely divided plant tissues, or amor- 
phous and representing the first stage m the development of cannol 
Oiutains 26 to 46% moisture, on drymg shrinks and breaks up m an 
irregular manner, 6,000 to 7,600 B T U 
Sub- bitummous -—Black m colour, 12 to 26% moisture, slacks on exposure, 
7,000 to 11,000 B T U 

Bituimnous — Slacks little on exposure, 11,000 to 16,000 BTU Fuel ratio 
below 2 6, this class mcludes oannels, some of the best steam coals and the 
best gas and by-product coals r 

Senu-bituimnous — ^Nearly smokeless, usually friable and slacks easily, 12,000 
to 16,400 BTU Fuel ratio 2*6 to 6 

Semi-anthraoite — Harder than bitummous, burns with a short yellow flame at 
first and then with a blue flame; fuel ratio 6 to 10 
Anthracite — ^Hard, burns with a blue flame , does not soil the hands, difficult 
to igmto but burns without smoke Fuel ratio over 10 


Taxom 7. 


Grade 

Low Volatile. 

High Volatile 

Selected 

Up to 13% ash, over 
7,000 oal 

Up to 11% ash, under 6% 
moisture , over 6,800 oal. 

First 

Up to 16% ash, over 
6,500 oal 

Up to 13% ash; under 0% 
moisture; over 6,300 oal 

Seoond 

Up to 18% ash, over 
6,000 oal 

Up to 16% ash; under 
10% moisture; over 
6,000 oal. 

Third 

1 Inferior to the above. 
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A Simple classification is used by the Indian Coal Grading Board (Table 7) 
for coal intended for export This has boon m use for over a dozen years 

The latest scheme evolvetl in America is that tentatively adopted by the 
American Standards Association (A S T M ) This recognises four broad classes 
Anthracite, Bituminous, Sub-bitummous and Lignite This scheme is shown m 
Table 8 

Tablb 8 —CkunficoUnon of coal by rank {AST M) 


(ilass 

Group 

Fixed Carbon or 
B T U on inmeral 
matter free liasis 

Physical property 

I Anthracite 

1 Meta-onthracite 

Dry FC 08% or 
more 


2 Normal anthracite 

Dry FC 02% or 
more up to 08% 


J Semi anthracite 

DryFC 86 to 92% 

Non oggliituiating i 

11 Kitiitninuus 

1 Low volatile 

DryFC 77 to 86% 


2 Medium volatile 

DryFC 69 to 77% 


3 High volatile A 

Dry PC less than 
69%, moist B T U 
14,<)<K) or more 


4 High volatile B 

MoistBTU 13,000- 
14,000 « 


6 Higli volatile C 

MoistBTU 11,000- 
13,000 ■ 

Either agglutinating 
or nnn-weatbermg 

111 Sub bitiimmouB 

1 Sub bituminous A 

MoistBTU 11,000- 
13,000 ■ 

Both weathering and 
non agglutuiatmg 

2 Sub bitummous B 

Moist BTU 9,600- 
11,000“ 


6 Sub bitummous C 

Moist BTU 8,300- 
9,600“ 


IV Ligmte 

1 Lignite 

Moist BTU less 
than 8,300 

Consolidated 

2 Brown cool 

Moist BTU less 
than 8,300 

Unoonsolidated 


1 If agglutinating, olasufy under Low volatile bituminous 

* Coals having 60 per cent or mere fixed carbon on the dry nuneral matter free basis 
are to be olassified aooording to F 0 regardless of B T.IJ. 


In the above elassifioation the xmneral matter is taken as 1 1 times the 
ash, which has been found to be a very good approximation to the truth 
Coab havmg calorific value of 14,000 or over on the moist nuneral matter free 
basis and those havmg 60 per cent or more of fixed carbon on the dry basis 
are olassified according to fixed carbon If the fixed carbon is less than 69 
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per cent on the dry basis, the classification is made on the moist B T U In 
some semi-anthracites it happens that they are agglutinating, in which case 
they will be put under the low volatile bitummoiis group The agglutmatmg 
test adopted is 600 grams of coal at a ratio of 15 parts of sand to 1 part of 
coal by the Umted States Bureau of Mines method 

The A S T M Committee recommended the foUowmg — 

100 

Dry mmeral matter frae baa« = FC 

100 

Moist mmeral matter free basis = F C X 

For the weathermg test, the Umted States Bureau of Mines test as 
desenbed in the Report of Investigations No 3066 (1930) is applied In non- 
weathenng coals the weathermg mdex should not exceed 5% 

Seyler has very recently published a further elaborate discussion of 
classification on his pure coal basis and petrological constituents Here he 
examines the proposition that coals of the same elementary composition are 
identical m all properties Examinmg the relation between volatile matter 
and hydrogen, he proposes a law similar to Dulong’s law (V = aH— ftC+K) 
This 18 foimd to be appUoable only to bright, non-anthracitic coals He also 
finds that the composition of bright coal conforms to the rank Emphasis is 
laid on coal petrography Unfortunately, Soyler’s classification requires 
elaborate calculations on the data of ultimate analysis especially if the coal 
contams appreciable quantities of ‘dull coal’ and is therefore highly artificial 
Seyler however condemns the A S T M classification because it does not take 
mto account the petrographical constituents, and adds — ‘In addition, the 
A S T M proposals, by the unfortunate step of mtroducmg m different parts of 
the same classification a change from the dry to the moist mmeral free basis, 
destroy all the simple correlations between elementary composition, volatile 
matter, petrological composition and properties which we have discussed m 
the paper' 

It will be noted that in Parr’s scheme volatile matter and calorific value 
are used while m Seyler’s the ‘pure coal’ is used Both these systems ignore 
the existence of moisture as an mtegral part of the coal The importance of 
moisture as an essential mgredient of tho coal substance is now well recognised 
and X-ray study shows that at least m the lower rank coals it plays much tho 
same r61e as volatile matter Hence it would seem that moisture m coal 
as mmed (or under standard conditions of storage and drying) should be 
detenmned and taken mto account for the purpose of classification 

The methods of detennimng moisture are now far from satisfactory, 
whether m the raw coal as it comes out of the mine or in air-dried ooal In 
sampling, moisture from seepage should be carefully avoided |md the coal 
should be immediately sealed air-tight mid analysed as soon as possible If 
the ooal is stored, as is well known, moisture may be absorbed from the 
*7 
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atmosphere or given up, according to conditions Hence the question of the 
evaluation of this component should be studied mtensively to arrive at a satis* 
factory method for the determination of that part of it which is inherent m the 
coal 

For coals of bituminous and lower ranks, the calorific value provides the 
best criterion for differentiation The volatile matter shows only a small 
variation over a wide range and there is also much overlap Similarly, the sum 
of volatile matter and moisture (and alternatively fixed carbon, which is simply 
the difference between 100 and the sum of volatiles and moisture m mineral 
matter free coal) fails The calorific value is, m addition, of great importance 
for commercial purposes and can be readily determined 

The ultimate analysis of coal is particularly useful m studying the behaviour 
of coal of lugher than bitummous rank, and has been used effectively by such 
authorities as Seylor and Ralston It is not so valuable m the case of the 
lower ranks, for, as already mentioned, there is the difficulty about moisture 
which these authors have completely ignored 

For a classification to be of wide application, t e not only for one field 
but also over a whole country or oven universally, the analytical procedure 
and the subsequent reduction of the results to a uniform basis should be 
standardised In the evaluation of mineral matter Parr has used the factor 
1 08 to multiply the ash percentage Stansfield has shown that this factor 
vanes between 1'06 and 1 20 for different Alberta coals m Canada and has 
advocated the use of the factor 1*1 os a satisfactory one, and the same factor 
has also been used by Tideswell and Wheeler and recently by the A 8 T M 

If a standard method of adjustment is agreed upon for reduction to pure 
coal, comparison between different fields would be simplified Such a pro- 
cedure 18 necessary because the collection of representative samples of high 
punty for ‘pure coal’ determination is generally difficult 
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MICBO-STRUCTURE OF SOME INDIAN FUSAINS. 

JBy N N Chattbejbb i 

The writer of this paper collected several samples of fusain from different 
coal seams and he is engaged m the physical and chemical study of them 
The present paper records only a part of the work and deals with the micro- 
structure of the followmg specimens — 

(i) Fusain from Hurra coalfield, Rajmahal Hills 

(ii) „ „ Jilbari coalfield, Rajmahal Hills 

(m) ,, „ XIV seam, Jharia coalfield, Ekra colliery 

(iv) „ „ Borachak seam, Raniganj coalfield 

(v) „ „ Borodhemo seam, Raniganj coalfield 

(vi) „ „ Salt Range coal (Ara), Punjab (kindly supphed by 

Dr Pox) 

(vu) „ „ Talchir coalfield, Talchir coUiery 

Regarding the occurrence and distribution of fusam in the coal substance 
it may be mentioned that they occur in greater abundance m the Talchir and 
Rajmahal Hill coals than m the other coals of the senes under discussion 
The Talchir and Rajmahal Hill coals are full of fusam patches which occur m a 
large number of thin layers When the coal specimen is spht open, the surface 
18 generally scattered over with small and thin fusam patches In the Jilbari 
and Talchir samples, besides fusam which occurs m a large quantity, dull coal 
or durain is present m a large amount and vitram or bright coal occurs m sub- 
ordinate amount In the case of Jharia and Raniganj coals fusam occurs m a 
small amount and m very thm layers It is very conspicuous by its softness, 
fibrous texture and the beautiful silky lustre on the fibrous strands As fusain 
has httle cohesive power the coal sphts readily along planes where it occurs 
The fusam is never found to occur in great thickness and is usually less than 
2 mm thick whereas vitram 2 or 3 moh^ thick and diuam several mches thick 
have been noticed in some of the Gondwana coals The fusam is readily 
separated from the rest of the coal by sorapmg with a kmfe when the long fibrous 
strands and small sharp-pomted irregular splintery fragments fall freely from the 
ooal specimens The Tertiary coal of the Balt Range oontams only a few 
specks of fusain which is generally sharp-pomted, bnttle and dark brownish 
m colour and is fairly hard at the same time 

The nucroBOopio mvestigation of the small samples of fusam reveals httle 
of the structure because they are opa>qne Hence it is necessary to treat the 
material m some way to fao^tate microscopic examination 
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The simple treatment of the fusam speoimens with acids as suggested by 
Stopes and Wheeler i was carried out m the author’s laboratory Concentrated 
nitric acid together with a few drops of hydrochloric acid was added to each 
of the fusam specimens and left for a week The acid solutions wore then 
neutralised by potassium hydroxide solution and after the process of neutralisa- 
tion sufficient water was added to each of the specimens After the above 
treatment it was found that fusam in all cases forms no froth and no true 
solution resulteil In the case of the Jharia and Raniganj specimens the 
water was more or less clear and colourless In the case of Talchir and 
Eajmahal speoimens the solution was straw coloured The particles of debns 
were very heavy and numerous and settled very quickly in the test tubes It 
may bo pointed out that, unlike fusam, vitrain goes completely m solution 
which becomes deep tea coloured When the debris settled some of it was 
taken out, dried and the fragments wore examined and were found to be 
composed of fibrous strands and angular fragments of different sizes All of 
them were almost always black and opaque but a few of the fragments and 
fibres were of a light brown and yellow colour showmg some cellular structure 
Some of these were transparent or semi-transparent and many of the black 
and opaque splmtery fragments showed rows of bordered pits in them 

APPBAEANOB of UNTEKATBD FUSAIN UNDEB MIOKOSOOPB IN TRANSMITTED LIGHT 

The powder and fibres were examined under the microscope They wore 
found to be almost black, opaque and sometimes show a scanty cellular structure 
The cell walls arc sometimes seen to be thickened and empty and at other times 
filled with some colourless to light coloured foreign material showmg double 
refraction The substance appears to be silica Certam thin portions of the 
fibres and fragments of the fusam wore found to be slightly transparent givmg 
rise to a yellowish brown colour They sometimes beautifully preserve layers 
of bordered pits One or two rows were quite common but three or four 
rows were also noticed in some oases Mr A K Banerji’s work may be 
mentioned m this connection (itec O. S I , Vol 66, Pt 3) 

Treated goal Maceration 

With a view to get better results, the fusam specimens were subjected to 
maceration treatment by a saturated solution of potassium chlorate and 
concentrated mtrio acid (Schulze solution) In some oases with the above treat- 
ment the solution was of a pale yellow colour which gave the mdioation that the 
coal was highly resistant to the reagent In order to overcome this difficulty, 
concentrated sulphuric acid was added to the solution which was boil^ 
for some time, thereby makmg the reaotmg solution completely efficacious 
Heating was not earned too far so that the coal itself did not bewme swollen 
and charred The fusam speoimens were albwed to remam m the solution 
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for a week or two and when the solution was oolouied brown the fiisain pieces 
were taken out and washed repeatedly with water in order to get nd of any 
adhering acids After this treatment the fusain particles were mounted 
on the slide and were exaimned under the microscope By the above treat- 
ment all the fusain particles did not become transparent or semi-transparent 
but some of the pieces acqmred a sUght transparency and could be studied under 
the microscope The cellular woody structure is not quite common m all 
the fusain particles But a large number of the Gondwana specimens contained 
specially thickened cells and tracheids with several vertical rows of bordered 
pits (uni-seriate, bi-seriate, poly-seriate) One or two rows were quite common 
whereas three or four roivs were found to be present in some of the fragments 
The pits could be well seen and were of different shape and size In 
some cases the pits were rounded and circular whereas m other fragments 
the pits wore elliptical and long and nairow and arranged in two rows situated 
alternately The description of the pits is given below — 

The xylom is enmposed of tracheids with bordered pits The pits are 
round or oval and are arranged on the surface wall m one, two or three vertical 
rows In some oases two rings of bordereil pits and the common wall between 
adjacent pits are clearly discernible The um-senate tracheids are on an 
average 40/* (1/* = 001 mm ) across and the pits (outer ring) 10/* m diameter 
(magnification 800 times) The evidence clearly ixnnts to the conclusion that 
it IS a gymnospormous wood 

It may be mentioned that the Gondwana fusains have a very large number 
of fragments containing such characteristic bordered pits 

When the Salt Range fusain was similarly treated and exanuned under the 
microsoopo it was found that the majority of the fragments remained black and 
opaque Some of the fragments were however of a semi-transparent and of 
a yellowish brown colour but did not show much woody structure m them. 
On the other hand, only a very small number of pieces revealed some structure 
The few fragments of a yellowish brown colour contained tracheids with um- 
senate bordered pits The cavities were of very small dimension and of 
rounded nature These pits did not show the charactenstie feature m the 
same way as in the case of the Gondwana fusains A few fragments also 
contam sunple pits Several fragments of wood which are more m number 
than those just mentioned were found to be present in transverse section 
showmg the water-conduoting cavities of different sizes arranged in a more 
or less regular manner Evidently these are not bordered pits The bigger 
cavities are arranged in one row succeeded by another of much smaller cavities, 
possibly protoxylem and metaxylem, su^^tmg a dicotyledon Many pieces 
of fiisam have well-shaped curved boundaries showmg that the pieces have 
broken along the water cavities The mtervemng spaces however remamed 
absolutely black and opaque under the nuorosoope without showing any woody 
cellular structure The regular arrangement of the cavities shows that they 
are fragments of angiospermous wood (dicot) There are also many fragments 
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in which the veesels are scattered in an irregular manner suggesting monocot 
The microscopic study thus tends to prove that the Salt Range Tertiary (Eocene) 
coal 18 composed of very small amounts of gymnospermous and of more pro- 
fuse angiospermous wood both dicot and monocot The Gondwana fusains 
^indAF discussion however have been derived from the degradation of a rich 
gymnospermous flora 
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MICROSCOPIC DETERMINATION OE THE BARAKAR AND RANIGAN J 
SANDSTONES OF JHARIA COALFIELD. 


S K Roy, Ph D (Zuneh), Dhanbad 

The two coal measures of the Jharia coalfield are the Lower Coal Measures, 
or the Barakar senes, and the upper Coal Measures, or the Raniganj senes 
Macroscopically the rocks compnsmg these two series are similar, the most 
important difiFeronco being that the sandstones of the Barakar senes are usually 
coarser-grained and lighter coloured (more white) than those of the Raniganj 
series which are also calcareous But sometimes wo come across sandstones 
belongmg to those two coal measures which look exactly alike m the hand- 
specimens as well as m the field And, m ease of any such doubt, as to whether 
the sandstone under question belongs to the Ramganj or Barakar senes, the 
problem can be easily solved by means of its heavy mineral assemblage Fossil 
evidence is also conclusive, but, as is well known, fossils are not so common, nor 
are they so easily to be identified as the minerals under the mieroscope The 
mioroscopio examination of the heavy residue can be earned out with any 
specimen of sandstone, small or big, and it always gives oonolusive results 

From an examination of the heavy residue shdes of about a thousand 
different specimens of the Barakar and Baniganj sandstones collected from all 
over the Jharia coalfield, wo have obtamed the followmg mterestmg results. — 
Though the heavy mineral suites in the Barakar and the Raniganj beds are 
the same, vtz garnet, magnetite, ilmemte, zircon, tourmahne, rutile and 
epidoto, their proportions in the two suites are, however, entirely difierent 
In the Raniganj beds, garnet may be as much as 60-90% of the heavy residue, 
whereas m the Barakars it is never more than 60% and is usually only 1 to 3%. 
On the other hand, the proportion of zircon is only 1% m the Raniganj beds, 
whereas it is about 16% m the heavy mmeral smtes of the Barakar beds. 
These two nunerals provide a very ready means of distmguishing the two 
series of rocks of the Jharia coalfield from one another The study of the 
heavy mmeral assemblages m the Barakar beds adjommg the various coal 
seams has given further interesting results 

On geological and other evidenoe Dr Fox has divided the Barakar series 
into four stages It is mterestmg that the heavy mmeral smtes of the Barakar 
rocks of the Jhana coalfield also justify four sub-divisions of the Barakar rock 
senes, very nearly correspondmg to Dr Fox’s four stages The proportions 
of tourmaline and zircon provide easy means of distinguishmg these four 
stages from one another The sandstones of the lowest stage of the Barakars, 
containmg coal seams Nos I to TV, are characterised by the presence of a low 
tourmahne (about 6%) and moderate zircon (about 20%) contents; the second 
stage, containing coal seams Nos V to XU, is marked by moderate tourmahne 
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(18 to 25%) and rather low (about 13%) zircon contents In the third stage 
(containing XIII and XIY seams) tourmalme is stiU less abundant and zircon 
IS abundant In the rooks of the fourth stage, containing seams XV to XVUI, 
the proportion of tourmaline mcreaaes to about 40%, whereas that of zircon 
falls down to about 2% 

It IS interestmg to note m this connection that most of the rooks of the 
Parasnath HiU are garnet-bearmg. Pyroxene granuhtes, gametiferous gneisses 
and quartzites and oalc-silicate rocks, all contaimng garnet are quite common 
m the hill This suggests that those rooks might have supplied the material 
for the Bamgaiij senes The comparative paucity of gamots m the heavy 
mineral smtes of the Barakar series shows that durmg that penod the drainage 
system must have been different from that m the Raniganj time 
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STUDIES IN COAL BY X-RAY DIFFRACTION METHODS 
By C. Mahadbvait, M A , D£c , Hyderabad Oeologtcal Survey 
iNTBODUOnOlT 

The apphoation of X-rays to the study of the Coal problem dates back to as 
early as 1912 H Couriot ^ examined by radiographic methods anthracite, 
coal, coke, peat, lignite, wood and charcoal Similar results were obtamed 
by J Darnel, * by the same method and he attempted to correlate the radio- 
graphic appearance of the various samples with their composition as ascertained 
by chemical analysis Garret and Burton, * in 1912, in an important oom- 
mumcation on the subject, suggested the development of the method for a 
rapid and simple means of ascertammg the distribution and aggregation of 
the ash of coal and for the possibility of discriminating between the various 
forms of ash, leadmg to mcreased knowledge of the origm and structure of 
coal. 

Kemp C Norman^ m a series of interesting studies on similar lines has 
perfected a techmque to determmo with a great degree of accuracy the per- 
centage and mode of distnbution of ash in coal The specimens were roughly 
6' X 3' and they were at a distance of one meter from the focal pomt of the 
X-ray tube and exposures varying from 20 seconds to 2 mmutes were given 
and the radiographs recorded on the photographic plates From photometno 
measurements the ash content was calculated in those cases 

The systematic study of coal by X-ray diffraction methods, based on the 
theory of Debye and Soherrer b as inodified by Raman and Ramanathan b, was 
commenced at Calcutta by the author m 1927 and the materials for the study 
were generously given by Dr (now Sir) L L Fermor and Dr CJyril S Fox 
The details of the methods of study as well as of the results were published m 
a series of papers ^ between 1928 and 1935 

ExraSIMBlTTAL 

The source of X-rajrs for the experiment was a Shearer tube of the usual 
type with water-cooled alummium cathode and copper target 

The wmdow of the X-ray tube consisted of a circular brass sht which was 
covered with a thm punctureless aluminium foil kept m contact with a card- 
board and stuck to the tube by sealing wax The cathode rays impinging on 
the target gave rise to X-rays which emerged out of the tube through the 
brass sht The X-ray tube was connected to a system of high vacuum backing 
pumps. An India-rubber pressure-tubmg connected the X-ray tube to the 
Ipw vacuum side, by suitably pinching this tube with a pmch-cock, the leak 
to the X-ray tube and hence the vacuum inside it could be easily controlled. 
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The high tension current necessary to run the X-ray tube was supphed 
by an oil-cooled transformer Altematmg current at 160 V was obtained 
for the primary of the transformer from a rotary convertor The high tension 
terminal of the secondary of the transformer was connected to the cathode of 
the X-ray tube and the lower potential side was connected to the target and 
earthed A miUiammeter m the secondary circuit recorded the current passing 
through the X-ray tube The safety spark gap of the transformer, mtended to 
provide an alternate path of the current m the event of the tube getting hard 
through very high vacuum, was 8 oms 

The camera consisted of a rectangular wooden box covered with a lead 
sheath, havmg a smtable groove for the shdmg of a ^-size plate-holder The 
X-ray beam was collimated by passage tlirough a lead tube containing three 
small holes m senes, the first hole being of 0 75 mm diameter and the last 
one (nearest to the camera) being 2 mm This gradation in the size of the 
holes prevented the diffraction by the metalhc edges of the holes from reaching 
the photographic plate A metal disc with a central hole served as the container 
for the substances, and this disc could be convemently shpped on to a smtable 
receptacle of the lead cylmder mentioned above, to get the substance m the 
path of the pencil of X-rays emerging through the system of sUts desenbed 
A circular load disc, smtably suspended from the top of the camera by a wire, 
served to cut off the direct beam and prevented it from fallmg on the photo- 
graphic plate The X-ray (hfiraotion pattern was received on an ‘isozemth* 
photographic plate contamed m the plate-holder 

An exposure of from 2 to 8 hours, depending on the nature of the substance, 
was given with a current of 5 milhamperes m the tube The angles of diffraction 
correspondmg to the vanous nngs were calculated as follows The distance d, 
between the difiraotmg substance and the photographic plate, was measured 
The radius r of the halo (t e the distance from the centre of the direct spot to 
the pomt on the halo where the mtensity is maximum) was determined The 
angle of difl&aotion is then given by tan 6 = rjd The correspondmg grating 
space ‘ a ’ could be calculated by using the Bra^ formula — 

a T — ^ where A is the wave-length of the incident X-rays. 

A sm vjA 

To calculate the size of the difhactmg particle, the distance between the 
pomts on the hab where the mtensity fades to half of the maximum was 
determmed The Laue equation, when smtably modified thus to the different 
camera model used m the experiment, becomes . 




2J 


where, t. the thickness of the flake of substance, 

R the distance of the camera from the substance, 
d. the Imear dimension of the particle as measured perpendicular 
to the plane of reflection, and 
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B: the angular width of the halo, less the natural angular width 
due to the finite aperture of the incident X>ray beam 
The values obtamed by the above calculations give the sizes of the diffiacting 
particles to the correct order of magmtude 


On Banded Bdumxnoue Coala and their ConatitiUton 


A typical lump of banded bituminous coal, taken from a coal seam, 
generally shows four different eonstituents These used to be described as 
dull coal, glossy coal, silky coal and mmoral charcoal by the coal mmers 

Mane Stopes®, m a well-known paper, distinguished them by their 
characteristic reactions to certain simple chemical treatments and gave the 
name ‘durain’ for the dull coal, ‘vitram’ for the glossy coal, ‘clarain’ for the 
silky coal and ‘fusam’ for the mineral charcoal 

Clarence A Seyler ® in a note m ‘Nature ’ pomted out a close correspondence 
between the hthological classification of Stopes and the botamcal nomenclature 
of Thiessen * 


Thtesaen 


A Anthraxyloii Aj Structure absent, 

(of homogeneous obscure or famt 

botamcal ongm 
from stems or 
roots) 

Aj Stnicturo well pre- 
sorvod 

B Attntus of Bi Much anthraxylon 
heterogeneous present 

botamcal origm, Bj Little anthraxylon 
general plant present 

debns 


Vitrain 


Lustre glossy 
Fracture conchoi- 
dal or semi- 
conchoidal, not 
laminated. 


Fuaatn A** dull, friable 


Clarain 


Durain 


Lustre silky, 
I mmutely lami- 
/ nated 

^ustro silky, minute- 
^ ly laminated. 

Dull compact. 


All the above constituents, except olaram, are present m Indian coals, and 
have been studied by X-ray methods 

Let us first consider vitram It is generally regarded as representmg the 
fundamental coal substance Several mveetigators,^® particularly Tideswell 
and Wheeler, have suggested that its origm is from a jelly-like peat called 
‘dopplente’ which has lost its water on drymg, thus beconung brittle, with a 
conchoidal fracture and having a shuung black appearance 

The X-ray evidence is m conformity with the above results. In the 
first place, vitram shows two haloes, one mtense and corresponding to a spacing 
of 3'31 A U , and the other famt and (xirrespondmg to a spacing of 2*12 A.tJ. 
Both of these haloes are m the smne positions as those of the hexagonal carbon 
ring in graphite. This result should not of course be taken to imply the presence 
of free carbon, but only shows that the 'carboneous matter’ of vitram (which 
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may not be free carbon at all, as Cross and Bevan have shown) oontams 
the hexagonal carbon nng having the same structure as m graphite 

In the second place, both the haloes are very diffuse, and mdeed 
a calculation of the particle size from the angular width of the haloes shows 
that the particles are colloidal, having linear dimensions of the order of 10 to 40 
A TJ Chemical evidence also points to the same conclusion. 

Duram, on the other hand, is seen to give 8 haloes Two of them are the 
same as in vitram In the position of these two haloes there is seen to be, 
from a study of the photographic negative, a great deal of overlapping The 
other rings, which are not overlapping, are all fairly sharp The duram was 
igmted m a platmmu crucible over a Meeker Burner till constancy of weight 
was attamed and the resulting ash was studied by the X-ray methods Three 
haloes were given with a 4 3lAU,3 38Au, and 2 49 A U respectively 

For purposes of comparative studies, an X-ray pattern for graphite powder 
was obtamed Wo see that the superposition of the asli and graphite powder 
haloes on the vitram pattern reproduces the pattern we have actually obtamed 
for duram 

Here it is of mterest to refer to some contributions by Fermor.t* who, from 
an examination of the composition of Indian coals m relation to their specific 
gravity and ash content and moisture, has suggested that vitram is a colloidal 
system of the gel or emulsoid typo and that duram is a colloidal system of the 
suspensoid type m which the vitram is surmised to bo the dispersion medium 
m which the mmeral matter and free carbon (the end pixiduct of vegetable 
detritus) are suspended The X-ray results just described are m conformity 
with the above deductions 

Fusam is the last variety of coal examuied The specimens have a fine 
fibrous structure, silky m appearance, soft and friable, soihng the fingers when 
handled The X-ray pattern of fusam disclosed 8 sharp haloes The strong 
inner haloes mdicated localised spots of mtensity eharaotenstic of fibre patterns 
The mterspaoes are fairly clear The hazmess due to the superposition of 
haloes observed m the ease of duram seems to be almost absent here and the 
edges of the haloes are more or 1^ uniformly well defined The haloes are 
seen to correspond to spaemgs due to free carbon and to ash 

There are several theories regardmg the formation of fusam deduced from 
evidence afforded by their nature and association with the other types of coals 
in the field. Some beheve it to be due to forest fires and consequent chamng 
prior to the deposition of plant debris. This view does not find support from 
studies m Indian coalfields The scarcity of water (which acts es a thermostat 
durmg the process of ooalification) seems to have been responsible for the 
formation of fusain The mmeral matter m fusam gives the haloes asonbable 
to sihca and alumina and one of these haloes is quite sharp— much like a oiTstal 
powder pattern This result suggests that though the woody fibre of the 
plant debns is mainly responsible for fusam (as indicated by the persistence of 
the fibre structure) some extraneous mmeral matter has also got mto association 
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With it. Since both moisture and volatile matter are present in fusam (though 
m a comparatively smaller quantity) the mterspaces between the haloes m the 
pattern are not quite clear 

Thus, each of the three constituents of banded bitununous coals from 
the Indian coalfields gives a unique X-ray pattern m keeping with its well- 
known structure and composition The vitram is seen to be the nearest 
approach to the frmdamental coal substance. For this reason, detailed 
studies were earned on with specimens of vitrain 

Light on ProxtmaU Analysis thrown by X-ray Patterns 
An examination of the X-ray patterns m relation to the proximate analysis 
of the coals brings out oertam mterestmg features There is a general scattering 
m between the haloes, and the degree of intensity of the general scattering as 
deduced by visual observations is given by indexes varymg from 1 to 10 
It 18 found that the intensity of the general scattermg m the X-ray pattern 
shows an mtimate relationship to the sum of moxsture content and volatile matter 
rather than to eUher of them individually 

From the work of Mack and Hulett,!* it is now well established that 
‘ moisture content’ m coals as determined by proximate analysis has not the 
same value as that obtamed from dehydrating coals with suitable reagents such 
as phosphoric pentoxidc or sulphuric acid, some of the water is in intimate 
association with the fundamental coal substance and cannot be dislodged by 
these treatments. Besides, the water as determined in proximate analysis 
may, to some extent, be derived from thermal action on the chemical complexes 
So, the ‘proximate analysis’ does not break the coal uniquely 

The correspondence of the general scattermg in the X-ray pattern to the 
sum of ‘moisture content’ and ‘volatile matter’, rather than to either of them 
individually, seems to suggest strongly that these two are associated more 
mtimately than we seem to understand from our present chemical knowledge 
In this connection, it is mterestmg to refer to a recent contribution of W T 
Thom, Jr who, from a study of several hundreds of proximate anal 3 rsiB 
earned out m the laboratories of the U S Geological Survey, records that a 
review of the mode of formation and natural history of coal satisfies us that 
moisture is a normal and natural ingredient among its volatile constituents, 
and a knowledge of analytical practice shows that the ‘moisture’ and ‘volatile 
matter’ reported are both mixtures of moisture and volatile matter rather 
than sharply differentiated distillation fractions 

A few of the specimens were dehydrated, and later their ‘volatile matter’ 
driven out X-ray patterns were obtamed from these samples at each of the 
stifles 

With the dnving away of ‘moisture content’ the general scattering shows 
a little clearing up; side by side with this, the width of the diffraction halo 
increases perceptibly In the pattern for the ‘volatile matter-free’ coals, 
precisely the above process seems to have been carried to completion. The 
x8 
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X-ray pattern for this residual product shows wider haloes with very little 
general scattering between the direct spot and haloes The pea^ intensities 
of the haloes are however quite unaltered, suggesting a structural stability of 
the diffracting particles The widening of the diffraction halo and the diminu- 
tion of the general scattering with the above treatments suggest a very mtimate 
association of the ‘moisture’ and ‘volatile matter’ with a nucleus of stable 
structure Incidentally the view set forth earher about the artificial nature 
of proximate analysis is further supported from those results 


Alpha, Beta, and Qamma Compounds of Coal 
In the study of the constitution of coal, orgamo solvents have been used 
fi-om very early times We may refer for a comprehensive review of the subject 
up to 1918 to Stopos’ and Wheeler’s excellent monograph 

In recent years, the extraction of coals by benzene under pressure has 
been extensively tried by various workers, notably by Bone, Fischer and 
others 

Bedson was the first to show the highly satisfactory results afforded 
by usmg pyndine to extract coals Wheeler and his associates in a senes of 
systematic studies broke up coals by pjrndme, and the extracted product by 
benzene or chloroform 

Bitwm%nou8 Coal 


Treatment mth Pyridtne 


Insoluble residue 
(Alpha compounds) 


Extract 

(Treatment with Benzene) 

Insoluble residue Extract 
(Beta compound) (Gamma compound) 


They claimed that a nearly complete separation of the coals was effected 
by the above process mto their cellulosic and resimc constituents They 
attnbuted similarity of composition to the alpha and beta compounds 
(cellulosic), whereas the ‘gamma compounds’ were surmised to be resimc 
constituents Bone and his students, m a senes of detailed mvestigations 
with improved techmque, have generally agreed with the conclusions drawn 
by Wheeler and his associates although they pointed out some discrepancies 
in the inferences of the latter According to Bone the resimc constituents 
of Wheeler oontam not only pure resm, but also some ‘humic substance’, 
very probably denved from cellulosic products 

The Alpha, Beta and Qamma compounds have also been studied by the 
author by X-ray difBraotion methods Coarsely but not uniformly powdered 
coal was kept in a suitable thunble and extract m the absence of air m an 
all-glass Soxhlet’s extraction apparatus An electric heater was used for 
i8b 
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ensunog uniformity of conditions. The operation was allowed to go on oon- 
tmuously for several days till the pyridme m the chamber showed no coloration 
even after contact with the coal overnight About 140 hours were usually 
required for a thorough extraction, resultmg in a chocolate brown solution 
and a black residual product, bereft of any cohesive property Most of the 
pyndine was recovered by distillation under very low pressure The extract 
was finally freed from traces of pyridme by koopmg m a vacuum desiccator 
and connecting it to an exhaustion pump The product so obtamed was of 
a madder red colour This was agam extracted in the Soxhlet’s apparatus 
with benzene, which took part of it mto solution and left behmd an insoluble 
residue All the three products thus obtained were studied by the X-ray 
methods 

From results it is seen that the alpha and beta compounds give nearly 
identical patterns Their peak intensity is the same, for the beta product 
there IS however a little widonmg of the haloes (suggesting a finer division of 
the particles), and a great deal of intense general scattenng The gamma 
compound consists of three halcxis, the innermost one is intense and has a 
somewhat defined edge, the next is diffuse, and the outermost is very famt 

The author examined a number of natural and fossil resms from different 
honzons and ages by X-ray methcMls with a view to see if the gamma com- 
pounds of coal had any structural relationship to those resins, one of the resms 
thus studied being from the Palana lignites The gamma compound pattern 
for those rosins afford uvidenoo of a moio complex composition and structure 

In this connection it may be mentioned that the X-ray pattern for the end 
residual product of Palana peaty lignite, alter pressure extraction with 10% 
NaOH and the subsequent digestion of the residue with 72% sulphuno acid, 
IS much like gamma patterns of coal 

The Ash %n Goals 

The three coals — ^vitrain, duram and fusam — ^wero heated m a platinum 
oruoibb with a Meeker burner for several hours till constancy of weight of the 
resulting ash was attamod The residue m each case was studied by the X-ray 
methods The ash derived from vitram shows no distmct mtensity maxima, 
only extremely diffuse haloes are observed. For duram ash there are three 
maxima, one shows crystal powder spacing, another mdioates finer division 
of the particles and the thud is characteristic of centres of diffraction of colloidal 
dimensions The existence of mmeral matter m these three stages is now 
fairly well established from coal washing methods. It is mteresting that 
Fermor,>s the ash -density-relationship, also suggests that some of the 
ash m the duram is m a colloidal state and part of it may be coarser matter 
The X-ray results are m conformity with the above observations, from an 
mdependent field of research. 

For fiisam, all the haloes in the ash pattern are more or less well defined 
and there does not seem to be any colloidal matter m it. 



676 0 MAHADKVAN. STUDIES IE GOAL BY X-BAY DIFFBACTION METHODS. 


In the ooal ash it is now recognised that sihoa and alumina constitute 
most of the extraneous mineral matter, though compounds of iron, calcium, 
etc , may also be present m smaller quantities Calculations of the spacmgs, 
for the most important planes of sihca and alumina, were made with the help 
of the well-known equation of Hull It is seen from these results that the 
ash pattern is primarily due to these two sources of mineral matter, namely 
sihoa and alumina 


Oedogtcal Age and X-ray Pattern 

Geologists have long recognised the influence of age and environmental 
conditions on the process of coalification As the changes however are largely 
of a structural kind, the chemical researches have not been adequate to bring 
out conclusively the marked diflerenoes between the newer and older coals 

It 18 seen however that the X-ray patterns for the Permo-Carboniferous 
and Tertiary coals indicate distmot diflerenoes Firstly, examining the 
scattermg index of the X-ray pattern m relation to the sum of moisture content 
and volatile matter, we see that the correspondence is satisfactory only when 
we divide the coals mto two groups — the older and the newer Thus the index 
gradually rises from 4 to 0, with the rise of the sum of moisture content and 
volatile matter from 23 9% to 66 62% Commg to the Tertiary group of coals 
we see that for a smaller percentage of these two ingredients, t e , for 46 63% 
the scattering index is still 9 — a result we obtamed in the older coals for as 
large a percentage as 66*62% moisture content + volatile matter The 
other specimens of the normal Tertiary coals also show such deviation, but the 
correspondence in the same group of coals between this index and the sum of 
moisture content and volatile matter is qmte satisfactory 

Secondly, a more strikmg difference m the X-ray pattern between the two 
groups of coals is distinguishable The spacmgs for the peak mtensity of the 
older group of coals give consistent values of 3*38 A U for the inner mtense 
halo and 2*12 A U for the outer famt halo, whereas the corresponding figures 
for the Tertiary coals are 3*6 A U and 2 2 A U respectively The differences 
noted are beyond the magnitude of experimental errors and are indicative of 
a fundamental structural difference. This is noteworthy, especially smoe no 
definite correlation was possible from other branches of mvestigation For 
example, from a study of vitrains of different geological ages, Fermor *> has 
recently concluded that no marked correlation is observed between age and 
any one factor of the proximate analysis but only a mmor degree of correlation 
between age and fuel ratios Examming, however, whether m the same coal- 
field, the different seams show any orderly change of specific gravity, com- 
position or fuel ratio, he finds that m the ^rakar stage, the moreasing strati- 
graphical depth is accompamed by a regular decrease of moisture and volatile 
matter and an morease of fixed carbon and fuel ratio Similar evidence is 
adduced from a study of the other coalfields. He suggests that the non- 
correspondence observed between age and composition m different coalfields 
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may be due to the differences in the original vegetable deposited Smoe 
‘proximate analysis’ is only an empirically standardised and rather crude 
artificial process and does not break the coal up into its natural constituents, 
the observed anomaly is not surprising From a more rational method of 
dismtegrating coal and studying the mdmdual members m detail, 
Fischer, Broche and Strauch ** suggest that with increasing geological age of 
the coals, the ratio of free hydrocarbons to resins increase while the decomposi* 
tion temperature of the resms are raised 

X-ray Study on Tertiary Coale 

Chemical and X-ray investigations were carried out with Tertiary coals 
of the same geological age and honzon, ranging from peaty ligmtes to anthra- 
cites The samples were lignite from Palana in Bikaner State, Bajputana, 
coals from Mach in Baluchistan and Makarwal in the Salt Range and finally 
anthracite from Jammu, Kashmir Chemical analyses of the coals mdicate 
that in coalification, the degradation of the cellulose of the vegetable matter 
IS at first rapid, while the hgmn is more resistent, in conformity with the 
generally accepted views, but after a oertam stage, the destruction of cellulose 
seems to proceed at a much lower pace, while that of hgnm is more rapid 
The presence of small amounts of cellulose m coals (as represented by Makarwal 
and Mach specimens) is an intorestmg result m this study 

Lignins were isolated from the coals by digestion with alkali, and purified 
The X-ray pattern of all these lignins are practically identical, and resemble 
the pattern for flax lignm On a comparison of the X-ray patterns for the 
untreated flax and its ligmn, it is seen that except for the observation of 
fibrous nature in the untreated flax, the haloes m the two oases show great 
similarity 

In the case of lignite from Palana, the end residual products after alkali 
autoolavmg and acid treatment give X-ray patterns very similar to the ‘gamma 
compound’ pattern of coals 

The X-ray patterns obtained with the peaty lignites and hgmtio coals m 
the untreated state consist of two haloes, one mtense, and the other somewhat 
fainter, the corresponding spaoings for the two groups being 3*59 A U (mtense), 
2 43 A U. (famt) and 3*5 A U (mtense) and 2*23 A U (fomt) respectively The 
anthracitic coal give quite a different pattern showmg unmistakable mdioa- 
tions of carbon in a fairly coarse state The spacing for the Tertiary coals, 
VIZ 3*5 A U are distinctly different from the oorrespondmg values, vts. 3 39 A U. 
for Permo-Carboniferous coals, m spite of apparent similanty of the com- 
position as determmed by ‘proxunate analysis’. These observations have a 
relation to the geological history of the coalfields from where the specimens 
were obtained and a relation to the Bergius theory m of coal formation m 
nature 

It 18 seen that in conformity with the field obanvations, the X-ray patterns 
show progressive alteration to the anthramtic stage with moreasmg pressure. 
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The Palana lignites which have not been snbjeoted to much ptessure show larger 
spacing for the halo — similar to a pattern for peat, the next set of coals — 
]^h and Makarwal — ^have been subjected to moderate pressure and they 
correspond closely to the normal. Tertiary coals studied from other horizons 
The anthracitic coals of Jammu which are from a region of great tectomc 
activity give patterns charactenstio of free carbon and mmeral matter 

The distinct difference between the X-ray patterns of the Tertiary and the 
upper palaeozoic coals, especially the h^her spacings for the former in spite 
of their similar proximate composition, points to a less compact structure of 
the fundamental coal substance m the Tertiary specimens The palaeozoic 
coals seem to have reached the final stage of maturity In normal palaeozoic 
strata, anthracitic coals are absent The existence, however, of anthracites 
in highly folded regions is attributed to the great pressure to which these regions 
had been subjected The results of the X-ray study are in conformity with the 
above observations and support the Bergius’ theory of coal and anthracite 
formation m nature 

Recent sU/dtea in the Coal Problem by Workera abroad. 

A brief reference may be made to contributions on the X-ray study of coal 
and associated products by George F Beal and co-workers who have published 
then results on the study of reams by X-ray diffraction methods and confirm 
and extend the results obtained by the author from a study of the fossil and 
natural resms of India More recently. Von A Boldyrev **, Director of 
Federov’s institute m Leningrad and his co-worker have made a systematic 
study of the Russian coals and anthracites, on the lines mitiated by the author 

In conclusion it may be mentioned that the systematic study of coal by 
X-ray diffraction methods opens up vast possibilities both on the academical 
and mdustnal side It is hoped that this subject will attract more workers 
from all over the world devoted exclusively to this study 


1-* See Kemp 0 Norman — Oofhary Qwurdvm, Yol 127, p 639, (1924). 

* Kemp 0 Norman — Tranu. Itut Min Eng., Yol 127, p 69, (1924) , Joum Soc Ohtm. 
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THE PALAEOBOTANICAL CORRELATION OP COAL SEAMS IN INDIA 


By B Sahki, ScD , F R8 

There is one aspeot of 'Coal in India* which I feel has not reoeived due 
attention m our country and in which considerable progress has been made in 
recent years in America, England, Belgium, Holland, France, Qermany and 
Russia I moan the correlation of coal seams with the help of the plant remains, 
particularly the spores, contained in the coal itself 

The PoUshed Sectwn method — ^I know of only two publications bearing 
directly upon the subject and these are a bnof paper by Dr A K Banerji 
who mvestigated m the laboratory of Professor Gothan at Bcrbn some polished 
sections of samples of Indian coals (Banerji, A K , Microscopic Study of some 
Indian Coals Bee Qed Surv Ind , LXVI. pp 333-347, 1932-1933), and a 
brief note by Mr J Lomax pubhshed in a paper by G S Caldwell (Trans. 
Inst Mtn. Met , LXXIV, 1927) This method deserves much further develop- 
ment and no doubt has groat possibihties But while polished sections 
frequently reveal characteristic types of plant remains whi( h can bo used for 
correlation purposes the observations are necessarily limited to the plane 
of the section 

The Maceration method —Much greater possibilities lie in the method by 
which known quantities of coal, taken from different seams or from exactly 
measured levels within each seam, can be subjected to maceration m bulk and 
their ‘flora’ analysed m detail both quantitatively and qualitatively The 
variations m the flora from seam to seam or from level to level withm a given 
seam will give the clue to correlations of seams between different coalfields 
as well as withm a coalfield Of couree, the limitations of this method should 
also be admitted: the reliability of the results must depend upon the number 
and variety of samjdes mvestigated 

There is urgent need m India of a thorough study, on a large scale, of the 
spores and cuticles of Indian fossil plants, particularly of those fi^m the 
Lower Gondwanas, which contain such a vast proportion of our most valuable 
coals Once we possess a standardised knowledge of the spores and cuticles of 
known species of plants found m the associated shales, the correlation of these 
with spores and cuticles obtamed by maceration from coal samples would be 
greatly faoihtated with results that may be of far-reaching economic significance. 

Luckily, this is a hne of mvestigation that can be pursued by laboratory 
wm'keis even far removed from the coal areas, provided they are assured of a 
supply of authentio samples fr^m known localities and horizons. 
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The Geological Survey Department and the ooal oonoems would do 
well to provide the relatively small funds necessary for such research before 
advising or undertakmg the expense of large operations that mig^t prove 
frmtless in the end Incidentally this kind of work provides excellent ground 
where palaeobotanists working at Umveraities in India oan co-operate with the 
mining conoems and with the Geological Survey 



STATE CONTROL IN THE COAL INDUSTRY i 

Ry M S Kmshnan, M A ,PhD ,F N I , CkologuxU Survey of Indvi 

iNTBODUOmON 

Mining became a major mdustry m the world about a century ago, at which 
time every mdmdual (or a group of mdividualu) in some countries had 
unrestnoted freedom to dispose of his mmeral property as he pleased During 
the past half a century, however, Governments have been gradually encroaching 
on the rights of the citizen, claiming to act m the public interest An attempt 
IS made m this paper to present a brief review of the extent to which the State 
interferes in respect of coal mining in some of the important coal producing 
countries of the world State control has particularly grown smce the 
Great War even m countries which used to be cited as giving complete freedom 
to pnvato enterprise In other countries where some form of oligarchic or 
autocratic government exists, the control is so thorough that every mdustrial 
enterprise has to fit itself into the national economic structure under the 
direction of the State 

Coal IS one of the most important minerals mined in many countries of 
the world In spite of the phenomenal growth of alternative sources of power 
like oil, natural gas and hydro-olectncity, coal is still the most important of 
the group as will be seen from the fact that the total output in 1929 amounted 
to about 1660 miUion metric tons About 60 countries figure in world statistics 
as producers of coal, but less than a dozen countries account for mne-tenths of 
the total world output 

USSB 

It IS scarcely necessary to say that the coal mdustry is State>controlled in 
the Soviet Umon The whole mdustry mcluding mining, processing and dis- 
tnbution is run by the Government accordmg to a woll<defined plan We 
have here large umts workmg to capacity m various parts of the country, and 
the output IS put to the best use possible, with the almost entire elumnation of 
such problems as private profit, waste, over-production, competition, etc. 
Unlike m many other countries, whatever be the type of coal mined, some 
use IS found for it. The policy of mdustriahsation pursued by the Government 
him miulft the country one of the most important coal producers m the world, 

Omncmy. 

Germany ranks as the second largest producer of coal and lignite in the 
world, whose proved and probable reserves m coal (exdnding brown coal) 

1 T> nWMiMMl v«y pnmni—lnn of tha Dtasaoto. Qeologkal SoTvey of Indift. 
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down to a depth of 2,000 metres have been estimated at over 288,000 milhon 
tons Seventy-four per cent of this total is found m the great industrial 
region of the Ruhr distnct, and 18 per cent m Upper Sdesia 

The first effort at control of the coal industry was made in Rhmoland m 
1893 m order to regulate production and prices A State law m 1910 brought 
into being district and regional organisations to exorcise control over production, 
prices and distribution of markets, and at the same time to safeguard the 
interests of workers and consumers The central organisation, the 
Beicbskohlenrat (Coal Council), was virtually dissolved by the Coal Mining 
Law of 21st April, 1933, and its powers were assumed by the Beichsminister 
of Economy There are at present several State mines whose aggregate pro- 
duction m 1935 amounted to 17 per cent of the total for Germany All the 
output from the Saar, about 80 per cent of that from the Hanover region 
and nearly 9 per cent of that from the Ruhr came from the State mines The 
ownership of nunerals m most parts of Germany is vested m the State, but 
private ownership still persists m some areas Mining operations are subject 
to uispection and direction by the Provmcial authorities who also enforce 
laws by which the health and safety of the miners and the safety of the property 
and pubUc welfare are safeguarded 

By 1936, Germany had achieved a considerable degree of rationalisation 
in order to meet the ever-increasmg taxation and other restrictions imposed by 
the State Between 1924 and 1934 the number of mimng units were reduced 
from 376 to 224, and the number of mines producing over 1 million tons per 
annum increased from 6 to 26 Extensive mecbanisation has resulted m an 
appreciable mcrease of output per man-shift during the same period (1670 
to 2433 kg per man-shift) Coal is given special preference m freight rates m 
internal markets and m export by the provision of a sliding scale for long 
distance transport over rail and water 

The brown coal mdustry of Germany is organised separately from black 
coal, and controlled by three regional syndicates — ^the Central Syndicate at 
Leipzig, the East Elbe at Berlin and the Rhenish at Cologne. These fix the 
production and sales quotas, pnoes and sales districts The mdustry has 
attamed a high pitch of efficiency and much of the brown coal is mined by 
mechamcal scrapers. In the numng districts it is bemg extensively used for 
power production and as fuel in a variety of mdustnes and also as domestic 
fuel in the form of briquettes 

Though nominally the mdustnes of Germany are run by pnvate agencies 
they are very closely controlled and co-ordinated by the Minister of Economy 
The introduction of the four-year plan and the dnve for self-sufficionoy have 
brought about a great improvement m all aspects of the ooal mdustry Better 
methods of mi ning , handhng and distribution have been evolved. Huge 
central power stations, nm on brown ooal, distribute eleotnoity to industrial 
centres wiihin eai^ reach. Coke plants and gas plants dehver gaseous fuel 
throu£^ pipe lines to places more than a hundred miles away. Production of 
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motor fuel from coal is now an important industry which was responsible for 
an output of 66 per cent of the country’s requirements of motor fuel in 1936 

France 

Until the Great War, mmerals in Franco wore governed by the Napoleonic 
laws of 1810, under which concessions were given to lessees m perpotmty with 
power to transfer the lease as property The law was revis^ in 1919 and 
concessions are now granted for 99 years The State is entitled to tax exoess 
profits at rates varymg from 10 to 76 per cent, other taxes mcluding the 
turnover tax are now collected as an od valorem tax amountmg to 2 76 per 
cent of the pit mouth value These latter taxes averaged a total of 9 francs 
per ton of coal mmed in 1934 

The State does not conduct any mming operations but has powers of 
supervision of mines The ontue output of France is controlled by about 100 
undertakings, 28 of which are responsible for nearly 90 per tent of the national 
output There are close financial relationships between the coal nunes and 
different industiies, eg chemical, metallurgical and power supply Franco 
produces alsiut 60 nullion tons of coal poi year whith meet only two-thirds of 
her requirements, the rest being importerl Several countries participate in 
tills trade. Great Britam leading with about 38 per cent of the import quota, 
the other chief participants being Germany, Belgium, Netherlands, Poland, 
USSR and Indo-cbma The imports are regulated by licence to different 
countries under a quota system, and are liable to import duty 

There are now regional organisations of proiluoers each with well-defined 
sales zones and quotas of production and with powoi to fix prices By the 
law of 18th August, 1936, the Government has taken powers to regulate prices 
of domestic and imported coal and to grant subventions to mdividual organisa- 
tions which may suffer handicap due to labour laws 


Italy 

Amongst the Great Powers, Italy has perhaps the least resources m 
nuneral raw matenals Good coal occurs only at La Thmle in Piedmont and 
at Seui in Sardinia, the total output from these bemg only of the order of 100,000 
tons Deposits of ligmte occur at Carbonia m Sardinia, Arsa m Istna, and m 
Tuscany, but the total production is only about 1 8 miUion tons per annum 
Italy imports about 12 million tons of coal per annum from Germany, Britam 
and Poland, the first contributmg 60 to 70 per cent of the imports The 
imports are regulated by the Italian State Railways which act as the controlling 
and distributing organisation Large sums of money are bemg spent m 
exploration and devebpment of the coal resources 


Poland, 

A national cartel (the Polish Coal Convention) was formed m 1926 
amalgamating the three former regional cartels of East Upper Silesia, Craoow 
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and Dombrowa Output and sales quotas are fixed for each muie, both in 
respect of the borne and foreign markets Minimum pithead prices are fixed 
by the Convention but tho Gkivernment exercises power over maximum market 
prices The coals are classified mto defimtc grades and the material is 
compelled to be marketed under its proper classification 

Export 18 helped by subsidies, tho marketing being done by the oollienes 
themselves, subject of course to the regulations laid down by the Convention 
Poland has now an export agreement with Great Bntam m respect of their 
common markets The ongmal agreement of 1934 was renewed with oertam 
changes m 1937 

The State exercises supervision over the National Convention through 
the Mmister for Industries who has powers for controlling output quotas for 
the internal and export markets and to regulate prices m the home market 
Export coal is now favoured by specially low freight m order to enable it to 
compete with British and German coal 


Other Central European Counlrxee 

In Holland and Czechoslovakia, and particularly in tho former, the 
State mines produce much coal The State mmes m Holland also run power 
plants and coke ovens supplying gas to the pubho and manufacturing ammonium 
sulphate which is sold as fertUiser Some of the Czechoslovakia mmes are 
afiUiated with the steel, chemical and ceramic mdustnes, but a large number 
are mdependent In those and other countries (Belgium, Hungary and 
Bulgaria) the State exercises control over production and {Hioes 


Qreat BrOcnn 

Until very recently the underground mmeral rights m Great Bntam 
belonged to the owners of the surface, but these private rights have now been 
acquired by the Government at a cost of about £66,000,000, the royalty rights 
thus passing to the State 

The first attempt at control was made by legislation m 1930 which 
empowered the Government to prevent wasteful competition, to control output 
and to enforce the amalgamation of small and uneconomic properties These 
powers have since been gradually extended The coal produomg areas have 
been divided mto 17 distncts m which organisations elected from among the 
producers have been set up for controlling output and prices Smce 1936, 
each district has a central selling i^ncy. A national organisation regulates 
the district ones. Export quotas are separate firom the internal market quotas. 
National and regional Investigation Committees have been set up for settling 
disputes, while the Boud of Trade ezercues general supervision over the whole 
scheme. 
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UruUd States of Ammea 

Mineral rights in the Eastern and Mid-wostem States belong to the surface 
owners, but m Alaska and some of the Western States they belong to the 
State 

An effort was made under the National Industrial Recovery Act (N R A ) 
of 1933 to establish district orgamsations for controlling production and prices 
under the supemsion of a Coal Administrator This and the Coal Conservation 
Act of 1936, m which a small Commission was vested with powers to control 
prices, were declared unconstitutional by the Supreme Court The Bitummous 
Coal Act of 1937 became effective m 1937, which aimed at controllmg pnoes 
It IS concerned only with bitummous coal (not with anthracite or other com- 
petmg fuels) The mines are divided amongst 23 districts, m each of which a 
controlhng Board has been set up The central co-ordinatmg organisation is 
the ‘National Bitummous Coal Commission’ m which there is representation for 
owners, labour and Government Each district is required, under the pro- 
visions of the Act, to submit to the central authority minimum prices for the 
vanous grades of coal to bo sold within its area, but no provision exists for 
limiting production or apportionmg markets Smeo non-members (those 
mines which do not join the district organisations) are penalised by a tax of 
19^ per cent on the pit mouth value of the coal produced, the adherence of all 
mmes to the organisation is assured unless they are debarred by the Code which 
details certam trade practices as unfair 

The workmg of the Act has so far not been successful for it has resulted 
m an enormous amount of protests and legal actions, so that even eaily m 
1939 the markets were highly disorganised The main provision of the Act to 
which objection is taken vehemently is the one prohibitmg the long established 
custom of making forward contracts and insistmg on fixing prices for only 
short periods At the same time there is no price control on other competing 
fuels The coal producers themselves are prohibited from takmg concerted 
action because of the anti-trust laws The Act is, however, still m a state of 
flux 

Canada 

The Dommion Government has control over mmerals in Yukon and North- 
west Temtories whereas the mdividual States own the mmerals only m the 
‘Public Lands’ under their jurisdiction, te m those areas which were not 
settled before 1887 The Domimon and State governments have supervision 
over safety only but have no control over output or prices The Government 
however helps the industry by giving preferential railway freights so as to 
equalise competition among the different fields A special bounty is also m 
force for encouraging the use of Canadian coal m carbonisation plants. 

South Afidca 

The {ooducing fields are mainly m the Transvaal and Natal, the fwiner 
being responsible for over two-tbirds of the total produotum of the Country. 
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Natal IS however important since it exports half its output There are sales 
organisations in both the Provinces and quotas are operative for the internal 
trade and for bunkermg, but not for the export trade The export trade is 
helped by specially cheap railway freights For instance the freight for export 
coal from the Natal field to the port of Durban (275 miles) is 6s 9d per ton 
whereas the freight for the same distance for the mternal market is 12« fid 
per ton The export coal is graded and certified as m India, and m fact we 
seem to have copied South Africa m this respect 


Japan 

The coal production of Japan is a little less than double that of India 
There are two organisations, one for the larger producers and tlie other for 
the smaller ones, run on a voluntary basis but under Government supervision 
They fix production quotas and prices The Government has given much 
encouragement for fuel research, and especially for carbonisation and for the 
manufacture of motor fuel from coal It is learnt that large plants are under 
construction for the latter purpose both m Japan and in Manchuria 


Gktna 

A minmg law was promulgated m 1930 by the National Government of 
Nanking, under which all mmeral wealth was declared to belong to the State 
Prospeotmg and miiung leases were granted by the State, the former for a 
period of two years and the latter for 20 years but renewable for two further 
like periods Plans for the mtroduotion of production quotas were under 
consideration some tune before the Japanese invaded the country 


Ind%a 

The coal mdustry of India, compared to that of many of the countries 
reviewed above, is relatively free from control Grading has been enforced 
on export coal since 102fi to enable it to compete with the South Afnoan 
matenal A cess is levied on soft coke to encoun^ its marketmg but so far 
no improvements are discernible m the method of its manufacture Arrange- 
ments have very recently been made for the establishment of rescue stations 
m the Jhana and Baniganj fields and compulsory sand-stowing is to be started 
at a very early date. Except for a cettam amount of control on the export 
coal, there are no measures in force for the control of the mdustry. There is 
no pnoe or production control so that the markets are extremely competitive 
and the pnvate mdustry is always apprehensive of increased production from 
the oollienee run by the Railways. 
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General Bev%ew. 

In most oountries efiforts have been made m recent years to control output 
and pnoes. Endeavour has also been made to encourage export by special 
freight rates, bounties, etc., and also by conoludmg agreements with com* 
petitors. It should, however, be borne m‘ mmd that only 10 per cent of the 
world’s production enters mto the mtemational trade, the rest being consumed 
in the country of ongm In mamtainmg lower prices for export coal, an 
additional burden is often thrown on the domestic consumer either as higher 
pnoe or as a form of tax. 

A widespread tendency to mtegration is very evident smce the Great 
War In many countn^ the smaller and uneconomic properties are com- 
pulsorily shut down or amalgamated with other umts Thus m the Ruhr 
district the number of separate undertakings has fallen from 120 m 1893 to 
33 m 1936, while the average annual output per colhery has mcreased six-fold 
(from half a miUion tons to three miUion tons) In Belgium the number of 
enterprises has been reduced from 122 in 1913 to 86 in 1936, the average 
production from each mine having risen from 85,000 tons to 160,000 tons In 
Great Bntam the number of separate enterprises has been reduced from 3,289 
m 1923 to 2,080 m 1936. In U S A the bitummous ooal enterprises numbered 
9,331 m 1913 but there were only 6,316 m 1936, while the number of mines 
producmg over 100,000 tons per annum bas risen from 70 per cent of the total 
in 1913 to 80 per cent m 1936 

The amalgamation of umts engaged m the same mdustry is called 
’ horizontal mtegration ’ m economic parlance. In ‘ vertical mtegration ’ several 
different mdustries are managed by a central organisation, so that all stages of 
production from the winning of the raw materials to the marketing of the 
hnished product are under unified control Both these types have attamed 
vast dimensions m the Soviet Union and the USA In Germany also we have 
example of both m the ooal mdustry and m the steel and chemical mdustnes 
Much has been done m Great Britain towards horizontal mtegration m ooal 
rnining We have examples of both types m India m the large busmess houses 
which oontrol various mdustries under the managmg agency system. The 
Japanese controlled South Manohuna Railway m Manchuna and the two or 
thiw well-known powerful organisations m Japan are also noteworthy examples. 
The tendency during the last two or three decades has been towards the building 
up of similar large organisations m many countries. 

In oondusion, I give below a table taken from the ‘World Ooal Mining 
Industry* (published by the International Labour Office, Geneva, 1938) in 
which are summarised the different types of State oontrol, regulation and aid 
at present in force in several important ooal producing countries of the world. 
The report mentioned above contains much information of value to the coal 
industry. India can profit to a large extent by the careful study of the 
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expenenoe of other coal producing oountnes in order to be able to organiBe 
her coal industry and make it prosperous. 

Table 1. — Tht economxc and commercial sei-up of the coal trade and tnduMry 
in some countries 


Australia 

Austria 

Belgium 

Brazil 

Bulgaria 

Canada 

China 

Chile 

Czechoslovakia 

Denmark 

Finland 

France 

Germany 

Great Bntam 

B-Fei-O— P— T— XC 

A — Fet — Q — T 

. A— B— Fei— 0— P— Q— TP 

A— -E— H— P—R—TPp 

A — E — Fei — Q — R — T 

A— B— Fi— M— TPp 

T 

B— C— L— M— R— TP— X 
A—Feit— 0— P— Q— TP 

A— E 

A 

.. A— Fi— L-O— P— Q— R— TP— X 
ABE Pel L 0 P Q T 

.. C— Fe— M— O— P— R— X— XC 

Greece 

T 

Hungary 

. A— E— Fei— H— P — Q— R— T 

India 

Fei— R— T. 

Fr. Indo-China 

T. 

Ireland 

A— H— Q— Y. 

Italy 

. A— E— H— Q-S— T 

Japan 

. 0— a— T— XC. 

Latvia 

A— E— H— Qe— T— y 

Mexico 

T 

New Zealand 

H— D-XC 

Netherlands 

. A— Fe— Q— T. 

Norway 

A 

Peru 

R— T 

Poland 

B— d — E— Pei— 0 — ^P — Qe — B 

Portugal 

T 

Boumama 

A— B— H— Q— TI^ 

Sweden 

. A. 

Spain 

. A— E— Pi— H— P-Q— R— TPp. 

Switzerland 

A— Q— T 

Turkey 

. . A— E— H— Qe— R— TPp. 

UmonofS Africa 

.. Fe— R— T. 

U.S.S.R 

. C-E-O— P-B-Qe. 

U.SJ1. 

. M— P— TPp. 

Yugoslavia 

. . A— E— H— Q— TPp 
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Explanation of Symbols 

A— Preferential trade agreements and/or special tariff reductions to mdividual 
countries. 

B — ^Export bonus, usually from taxes on home production or sales 
C — Government guarantees of export credits. 

E — ^Exchange control with penmts for foreign exchange to pay for coal imports 
F — Special low freight for home mmed coal, Fe — ^to encourage export; Fi — ^to 
protect against imports; Ft — ^to promote transit shipments 
H — ^Preference for home-mmed coal m all purchases 
L — OoTemment guaranteed loans to rohabihtate mmes 

M — Shipping subsidies to the merchant marine, usually operatmg as mdirect 
subsidies for coal exports 
0 — Schemes for output and sales quotas 
P — Control of home market prices 

Q — Quotas for imports from different countries , Qe — ^partial or total embargo 
R — ^Tax rebates or concessions to encourage home production against imports 
S — State monopoly of imports 

T — Customs duties, TP — ^protective tariff, TPp — ^preferential tariff m favour 
of certam countries 

X — ^Taxes on other fuels so as to encourage coal and discourage other fuels. 

XC — Special measures to encourage production of oil from coal 
Y — ^Measures to encourage peat or wood as against coal. 




THE ADMINISTRATION OP THE INDIAN MINES ACT, 1923, WHICH 
CAME INTO FORCE ON THE 1ST JULY, 1924 

By W Kibby, B8o, MI Mm E , Ch\ef Inspector of M%nes m Indun 

The Indian Mines Act, 1923, applies to British India only 

There are 49 sections of this Act, six of which are concerned with the 
appointment, functions and powers of the Inspectorate Four sections relate 
to the fonnation and activities of Mmmg Boards and Comnuttees, while three 
sections refer to the duties and responsibilities of owners, agents and managers 
The health and safety of workers are provided for in six sections of the Act 
and provision is made for hours of work and limitation of employment The 
powers of the Central Government to make regulations and of the Provmcial 
Governments to make rules are laid down and penalties and procedure are 
embodied m the Act 

Indian Coal and, MetaUtferons Mines BegtikUtons were formulated under 
Section 29 of the Indian Mines Act, 1923, and gazetted m the year 1926 These 
regulations are presenbod for the safe workmg of mines and for the submission 
of the vanous notices to the District Magistrate and the Chief Inspector of 

Mitiaw , 

Buies for Coed and MetaUiferous Mines are made under Section 30 of the 
Indian Mines Act by the vanous Provincml Governments These rules provide 
for: — 

Samtary and Health provisions, 

Ambulance, First-Aid and Rescue work. 

Registration of work'persons. 

Safety of surface, 

Abandonment of mmes, 

Inquiry m the case of accidents, 

Certificates of fitness for employment underground of persons who have 
not completed 17 years of age 

Bye-taws for mines 

Bye-laws made under section 32 of the Indian Mmes Act are firamed by 
the owner, agent or manager of a nune with the approval of the Chief Inspector 
of Mmes or an Inspector for the control and guidance of the persons acting m 
the management of, or employed in, the mme, to prevent accidents and to 
provide for the safety, convenience and discipline of the persons employed 
in the mine. 

For the administration of the requirements of the Indian Mmes Act the 
following staff is at present employed. — 
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One— Chief Inspector of Mines. 

Three— Inspectors of lifines 
Pour — Junior Inspectors of Mines 
One — ^Electric Inspector of Mines. 

One — Assistant Inspector of Mines 

For inspection purposes British India is divided into two circles, details of 
which are given below. — 

No 1 Circle No 2 Circle. 

1 All mines m Baluchistan 

2 All mmes in Bihar except mmos 

in the District of the Santhal 
Parganas and such mmes m 
the District of Manbhum as 
he east of a line drawn from 
mile 176 on the Bengal 
Nagpur Railway to mile 160 
on the Grant Trunk Road 
and contmued m a straight 
line across the District. 

3 All mmes in Onssa 

4 All mmes m the North-West 

Frontier Ptovmce 

5 All mines m the Punjab. 

6 All mmes m Rajputana 

7 All mines m the Umted Provmces 

Managtmeni 

Every mine is required to be under the supervision of a manager who has 
the prescribed qualifications, and who is held responsible for the control, manage- 
ment and direction of the nune, and the owner or agent of every mine is required 
to appomt himself or some other person bavmg such qualifications to be 
manager of the mme. 

The owner, agent or manager of every mme is reqionsible that all operations 
earned on m connection therewith are conducted m accordance with the 
provisions of the Act and of the regulations, rules and bye-laws and of any orders 
made thereunder. 

The foUowing mines are worked m Bntish India and are regulated by the 
Indian Mmes Act . — 

Coal, iron-ore, manganese ore, gold, chromite ore, copper ore, mica, 
salt, magnesite, steatite, slate, limestone, stone, sand-stone, fire- 
clay, ohma clay, clay, barytes, asbestos, ochre, kaolin, gypsum, 
beryl, graphite, bauxite, felspar, kyanite and tantahte. 


1 All mines m Assam. 

2 All mmes m Bengal 

3 Such mines m Bihar as be in the 

District of the Santhal Parga- 
nas and m the District of 
Manbhum west of a Ime drawn 
from mile 175 on the Bengal 
Nagpur Railway to mile 169 on 
the Grand Trunk Road and 
contmued m a straight hue 
across the District 

4 AU mmes in Bombay 

6 All mmes m the Central Provmces 

6. All mmes m Madras. 
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Coal is the pnnoipal mineral mmed and the output for the year 1937 was 
22,336,628 tons of a declared value of Bs 6,98,79,139 The statement below 
gives the output from the vanous provinces. — 

OvJtfpvi of coal %n tons in 1937. 


Assam 

243,660 

Baluchistan 

19,624 

Bengal . . 

6,627,820 

Bihar 

13,836,616 

Central Provinces 

1,604,169 

Onssa . 

47,127 

Punjab 

166,632 


Total 22,336,628 


Dunng the year 1937, the daily average number of persons working m 
and about nunes regulated by the Indian Mines Act was 267,868 Of these 
persons, 122,807 worked underground, 72,747 m open workings and 72,304 on 
the surface Since October 1937 the employment of women has been prohibited 
underground m mines. 




A CONTRIBUTION TO THE EMBRYOLOGY OE THE 
AMARANTACEAE 


L B Kajalb, M Sc , Department of Botany, Benares Hxndu University. 

(Commtinioated by Dr A C Joshi, D So ) 

{Bead August 20, 1940 ) 

In two earlier papers the writer described the embryology of AUemanthera 
sessilts and Achyranthes aspera (Kajale, 1935 and 1037a) In this contribution 
to the embryology of the Amarantaooae observations have been extended to 
SIX more species, representmg six other genera of the family, which have not 
been worked out so far These are Celosta argenim Linn , AUmanta nodtflora 
Br , Amarantus virtdts Linn , GyaihiUa tometUosa Moq , Pupalta lappacea Moq. 
and Aerua lanata Juss Besides this, the development of the pollen in Aker- 
nanihera sessdxs Br , and a few observations on Chmphrena globosa Lmn and 
Bosta Amhersttana Hook have also been mcorporated in the present report 

Schnarf (1931) has summarized the important embryological literature 
prior to 1931 bearmg on the family Amarantacoae This moludes the work of 
Braun, Hofmeister, Fischer, Quignard and Dahlgren Smoe then embryo> 
logical investigations on this family have been more extensive An account 
of seed development in Amarantus caudatus by Woodcock appeared m 1931 
Naitham (1933) published a paper on the miorosporogonesis and megasporo- 
gen^uB of Digera arvensis This plant has been also investigated by Joshi 
and Rao (1934) and Pun and Singh (1935) Recently the wnter has published 
two papers The first deals with the female gametophyto of AUemanthera 
sesstlis (Kajale, 1935), and the second with the hfe-history of Achyranthes 
aspera (Kajale, 1937o) Until recently the embryo development m the family, 
m spite of so much work on the embryo sac, was not known This phase of 
the hfe-history has been worked out by Joshi and myself (1937) for AUer- 
nanthera sesstlts and Dtgera arvensis Soudges (1937) has worked out the 
development of the embryo in Amaran^ retrojiexus and A caudatus The 
antipodals of Dtgera arvensis and Pupalta lappacea have been described by 
Joshi (1936) and the author (Kajale, 19375) respectively As a result of this 
work, the embryology of three genera of the family Dtgera, AUemanthera and 
Achyranthes has beoome fairly known 

MAtKBXAL AKD MBTHODS 

The material of Oehsia argentea, Amarantus virtdu, PupaBa lappacea aiid 
Aerua lanata is available at Benares and was ooUeoted by th6 author locally. 
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It was fixed m Nawaaohm's fiukl and formalm-aoetio-aloohol That of Oyaihvla 
tommUoaa and Boata Amherdtana was fixed m formaJin-aoetio-aloohol at 
Mussonrie by Dr. A. C Joshi, who kindly placed it at my disposal along with 
some of the embedded material. The material of AUmama nod%flora was sent 
from Hyderabad (Deccan) by Prof M Sayeeduddm and was also preserved 
in formalm-acetioaloohoL 

Before sectioning the material, the perianth leaves were removed from the 
fiowers. This is a necessary operation as the perianth leaves m the family 
are scaly If they are not removed, the material cannot be microtomed 
smoothly. In order to get good microtome sections of the mature seed, it is 
desirable that the hard seed«coat should be removed. Its impervious nature 
does not allow proper infiltration with paraffin and hence smooth miorotoming 
To remove the testa, the seeds were first boiled m water for a few mmutes, 
and then qmokly transferred to absolute alcohol, m which they were left for 
2 to 6 minutes The testa by this treatment becomes loose and brittle, and 
can then be removed easdy with the help of a pair of needles Sometimes 
the testa after this treatment breaks off automatically due to sudden de- 
hydration by the absolute alcohol When the testa has been removed, the 
seeds can be embedded acoordmg to the usual methods 

Sections for the younger stages were out 7-9 /a thick and for older stages 
10-14 n thick Heidenhain’s iron-alum haematoxybn was chiefly used as a 
stain, and Tuan’s method of de-stauung with piono acid was followed. 

OBOAKoamrr. 

The development of the various floral parts has been studied m all plants, 
uid it has been found to be uniform throughout the family. The sequence, 
m which these parts appear, is bract, braoteoles, perianth, androeoium and 
gynsBOium Regarding the details of development reference may be made 
to Joshi and Bao’s (1934) paper on D%gera arvensts At this place, however, 
mention may be made about the differentiation of ovules in Cdona argeniea, 
as this IS different from the rest In other cases the tip of the floral axis after 
the appearance of aU other parts directly transforms itself into the only ovule 
m the ovary In the multi-ovulate gyneecium of Cehata, the floral axis after 
the differentiation of all other parts gives nse to a number of pnmordia and 
each one of them develops separately into an ovule (Figs. 9a and 96) 

DavaLonraHT ov Aktbbb abb Bgvlbs. 

This phase of the life-history has been studied m all species, and is prao- 
tioally uniform in every case except for some minor differences. The anther 
to begin with is a mass of uniform cells, but as the archesporium appears it 
becomes two- or four-lobed. The former condition is found in AUmuudhera 
ae$iOi$ (Fig. 76), a member of the tribe Gbmphreneae ^ndle, 1926), which 

IB 
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has one-celled anthers. In the rest of the plants the anthers are four*lobed 
and ultimately two-celled 

The arohesponum differentiates either at two or four places, depending 
upon the one-oelled or two-celled condition of the anther at matunty It 
develops from the hypodermal layer Gkmerally two, three or four vertical 
rows extending over the entire length of the anther function as aroheqional 
cells (Figs la, 2a, 6a and 7a) Sometimes the number of rows m Amanmiiw 
vxrxdxa reaches up to five (Fig 3a) The writer has also recorded two to four 
vertical rows of archesporial cells m AchifrarUhes aspera (Kajale, 1937a). 
The condition m Pupalui lappacea, however, is different Here the arche- 
sponum consists only of a smgle row of cells (Fig 6a) A similar condition 
has also been reported by Naitham (1933) and Pun and Singh (1936) in Dxgera 
arwnats 

The archesporial cells m each anther-lobe divide penclinally to form two 
layers, an outer primary parietal layer and an inner primary sporogenous layer 
(Figs la, 2a, 3a and 6a) The former now divides penclinally and forms two 
layers again (Figs 2a, 6a and 76) The layer on the inner side, resulting from 
this division, divides once more penclinally (Fig 7c) Thus by two successivo 
divisions of the primary panetal layer the wall of the anther, mcluding the 
epidermis, becomes four layers thick (Figs 36 and Id) These layers share a 
different fate during further development of the anther The layer below the 
epidermis forms the fibrous endotheoium of the mature anther (Figs 16 and 
4a) The thickening bands in the cells of this layer appear when the pollen 
grains reach the bi-nucleate stage The middle one is crushed at an early 
stage The innermost layer bordering the sporogenous cells develops in every 
case mto the tapetum (Figs 36, 4a and Id) The tapotum is completed on 
the connective side by the cells adjacent to the sporogenous tissue In 
function it IS of a purely secretory nature No wandering of the tapetal cells 
to form per^lasmodium between the sporocytes was over observed in any 
member of the family 

The tapetal cells possess a single nucleus m the beginning and are densely 
packed with cytoplasm Durmg the I meiotio division of the pollen-mother 
cells the nucleus of the tapetal cells divides mitotically and they become bi- 
nncleate (Fig 36) A tapetal cell generally does not have more than two 
nuclei, but occasionally in OeUma argentea more than two nuclei were found 
in some of the cells Up to five nuclei were counted m some oases The 
nuclei of the tapetal cells m general have one nucleolus m the beginning, but 
afterwards they have as many as two, three or four nucleoli in them, and some- 
times the nuclei may show a lobed appearance (Fig 36) Ea^van (1938) 
thinks that in Oynadropsis pentaphyUa such a condition results from the fusion 
of previously separate nudei. The writer, however, obtained no evidence 
for this from his study. In Oyathtda UmentoM the nucleus of the tapetal 
odls in mimy cases has more than one nucleolus from the beginning. Thi« is 
also seen in other oases, but is rare. 
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Froa 1-8 


Fio 1 -^thata argantaa a tnuuysne aeotioa of on anther lobe ahowing tilie primary 
aporogenooa and primary panetal layers b a portion of an anther wall 
showing gtanolar outuuiation of the fibrous endotheonun o a pollen gram 
m sorfaoe view d mature pollen gram m seotion showing the 8 nucleate 
condition and starch groins aandb X47S oondd x800 
Fro J --AUmama noditfiora, a transverse seotion of an anther lobe showing nutobo 
divisions of tho primary sporogenous cells and penolinal divisions m the 
pnmaiy parietal layer b a pollen gram m surflaee view e 8 nucleate 
mature pollen gram m section a x475 bonds x800 
Fiw 8 —ilNiaraftfiis vurtdia a transverse seotion of an anther lobe showing three 
sporogenous cells on the left and two arohesporial osUs on the n^t b the 
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same at a later atage ahowizig meiotio divuuons m poUeii'motber oella. 
a pollen grain in aurfaoe view d, a mature pollen gram in aeotion ahowing 
the 3-nuoleate condition and starch grains a and b, X 476, o and d, X 800. 
Fio 4 —Cyathula tomentoaa a, a part of the anther wall showmg granular outiniiation 
of the tapetum. b, a pollen gram m section showing a lenticular generative 
cell and the tube nucleus a, X475 , b, X 800. 

Fia 5 —Pupalta lappacea. a, transverse section of an anther.half showing aporogenons 
cells and two parietal layers b, a mature pollen gram showmg the 3-nuoleate 
condition and starch grams a, X 476 , b, x 800 
Fio. 6 — Aerua laruUa a, transverse section of an anther-half showing primary parietal 
and prunary sporogenous layers b, a pollen grain m surface view, o, a 
mature normal pollen gram m section showing three nuclei and starch grains. 
d, a hypertrophied pollen gram showing the 3-nuoleate condition and starch 
grams a, x 476, b-d, X800 

Fio 7 — AUemanthera aeeatha a-d, transverse sections of anther-lobes showing various 
stages of development b represents a transverse section of a complete 
anther, while others show only one lobe t, a pollen gram m surface view 
/, a mature pollen gram m section showing the 3-nuoleate condition and 
starch grams o-d, X 476 , » and /, X 800 
Fio 8 — Oomphrma globoaa Pollen gram in surface view X 800 

Before the tapetal colls become bi-nuoleate they have no vacuoles m them, 
but afterwards they develop numerous vacuoles and also increase m size 
(Fig 3i) In Celoaui argentea the tapetal colls are larger than m other cases 
The tapetum normally persists up to the oytokmesis stage of the pollen* 
mother cells As the pollen grains develop further it begins to d^nerate and 
disappears completely by the time the pollen grains are mature. In Cyathula 
tometUoaa and Pwpal%a lappacea the tapetum shows signs of degeneration 
rather earher than m other cases 

When the primajy parietal layer is undergoing the forcing changes to 
form the anther wall, changes also occur m the primary sporogenous tissue. 
The oeUs divide mitotioally once or twice and differentiate as pollen-mother 
cells Each of these cells mcreases in size On the onset of the first meiotio 
division the protoplasm of the pollen-mother cell retreats from the cell wall 
and a space is created on all sides m between the protoplasm and its wall 
(Fig 2b) From now onwards the protoplasm gets enveloped m a sheath of 
mucilage When stdl enclosed m the sheath, the pollen-mother cells complete 
the second meiotio division The sheath persists till the oytokmesis is complete 
and for a short tune the four pollen grains remain enclosed in it Afterwards 
the sheath is disorganized and the pollen grams separate off firom each other. 
By this time the original wall of the mother cell is already disintegrated 

During the second meiotio division the iuolear spmdles are generally 
arranged at right angles to each other so as to give nso to a tetrahedral arrange- 
ment of the ^res (Fig 36), though the isobilateral arrangement is also seen. 
The four nuclei resultmg after the two divisions are otmneoted with each 
other by the secondary spindle fibres (Fig 3d) Thus there are six li^indles 
formed in each of the dividmg pollen-mother cells. They gradually disappear* 
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as cytokinesis b^;inB Cytokineeis takes place by furrowing. The furrows 
advance from the periphery towards the centre and when they meet they bring 
about the separation of the four pollen grams 

After cytokinesis a curious change takes place m two layers of the anther 
wall, namely, the tapetum and fibrous endotheoium The change consists in 
the development of small granular markings on the mner side of these layers 
(Figs 16 and 4a) These markmgs first appear on the tapetum (Fig 4a) and 
a httle later on the fibrous endothecium (Fig 16) They are generally of 
microscopical dimensions, and take a somewhat deep stam with haematoxylin 
Though this is the general condition, they were found to be of a different 
nature m AUmanta nodiflora Here the granules are larger than m other 
plants and appear brownish-yoUow m slides stamed with haematoxyhn 

In order to trace the factors that lead to the development of these markings, 
the material of Amaranl'M vxndxa was selected for detailed observation Of 
the two layers, the tapetum is more suitable for this kmd of study, smce the 
cells m this layer are larger and more distmct It appears that during cyto- 
kinesis or even before that the protoplasm of the tapetal cells retreats from the 
wall common to the tapetal cells and the adjacent pollen-mother colls This 
IS shown by Fig 36 As the microspores are formed, this wall is disorganized 
and the protoplasm of the tapetal cells on the inner side becomes devoid of 
any wall Correlated with this, these small granules are deposited on the mner 
side of the tapetal cells A similar disturbance appears to be caused on the 
mner side of the anther wall As a result of this, the markmgs appear on that 
layer also. 

Such markmgs are recorded by Bhargava (1936) in Chenopodium album 
and re-mvestigation of Achyranthes aapera revealed the presence of the same 
markmgs m that plant as well None of the previous authors has recorded 
them m Digera arvensu, but smce they occur m all other genera included in 
the present paper, their presence may be anticipated in that plant also Similar 
markings have also been seen by the writer on the tapetum of many other 
plants from different famihes, now under mvestigation or previously investi- 
gated in this department, such as Clematts Flammula, QaJphmia gnunhs, 
LUtum sp , Qioeha phamaceoidea, Boerhaama diffuaa and B repanda It 
appears, therefore, that they are quite common m the angioeqiermB Ubisch 
(1927) and Kosmath (1927) also report the occurrence of such bodies on the 
tapetum of several angiosperms The latter author has shown that these 
bodies are of the nature of cutin-hke substance 

r POLLBK QBAIN. 

On the completion of cytokmesis four functional pollen grains result. 
These very soon become spherical m shape and are enveloped by the mtme and 
exine. Hie structure of these two layers is descnbed later 

The um-nuoleate pollen gram is at first densely filled with oytopla^ 
From this stage onwards it moreases m size, but there is no correiqionding 
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inoreaise m the amount of the oytoplaam The nuoleuB, therefore, with some 
amount of cytoplasm, comes to be situated on one side, while the other end 
of the pollen gram becomes vacuolate (Fig 4b) While still at the periphery, 
the nucleus undergoes its first division (Fig 46) This behaviour of the 
nucleus to divide at the periphery appears to be a general condition in the 
angiosperms A few exceptions, where it divides in the middle of the pollen 
gram, are cited by Wulff and Maheshwan (1938) 

The two nuclei, resulting from the first division of the pollen gram nucleus, 
show considerable difference m size (Fig 45) The one larger than the other 
IB the vegetative nucleus, while the smaller one is the generative nucleus The 
latter is organized into a definite lenticular cell, which is separated by a clear 
wall from the other (Fig 46) This wall in between the two cells is of a very 
transitory nature and soon disappears, leavmg both those nuclei enclosed in 
the general c}rtoplasm of the poUon gram Bemg of very short duration it 
was clearly seen only m AUmanut nodtflora, AmararUvs vtndis, Cyathula 
UmentoM and Pupalta lappacea Naithani (1933), Joshi and Rao (1934) 
and Puri and Smgh (1935) have reported the organization of a lenticular 
generative cell m Dig^ra arvenats There appears, therefore, no doubt about 
its presence in other plants of the family 

Before the generative nucleus commences its division to form two male 
gametes, the vacuoles disappear and the pollen gram is completely filled with 
cytoplasm In this condition the generative nucleus divides into two nuclei 
and the pollen gram becomes three-nucleate From now onwards the pollen 
grams take rather a deep stam and are noh in cytoplasm (Figs Id, 2e, 2d, 6b, 
Oc, Od, If) At this stage some starch grams are also deposited m the pollen 
grams They were found m all cases except m AUmanta nodxflora, where they 
could not be clearly observed Similar starch grams have also been recorded 
by Pun and Smgh (1936) m D%gera arvtnna In order to make sure that these 
pollen grams were not m a state of d^eneration I have compared them with 
those germmatmg on the stigma I could not trace much difference between 
these two sets of grams either m their staining capacity or the amount of 
cytoplasm present m them Puii and Smgh (1935) have recorded three- 
nucleate pollen grams m Dtgera arvensta, but they believe that they were m 
a state of degeneration My observations do not support their conclusion. 

Mention has already been made that the mature pollen gnuns m the 
family are three-nucleate (Figs Id, 2c, 3d, 56, 6c, 6d and If). Out of the three 
nuclei, two are sperm nuclei and one is a tube nucleus The sperm nuclei 
are long spindle-shaped bodies, straight or vanously curved They have 
unevenly distributed ohiomatm m OeUma argentea (Fig. Id), AUmanxa nedifiora 
(Fig 2c), Arnaranhu tdridts and Aerua lanata (Figs 6c and 6d). In other 
plants they were very deeply stamed and appeared uniformly blaok in colour. 
Sperms having unevenly dlstnbuted chromatm were previously reported by 
the writer m Achyranihea aapera (Kajale, 1937a) Such a skuoture of the 
sperm nuclei may be revealed in all oases if they are properly destained. In 
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a few oases, e g Caiosta argentea and Amarantvs v%r%d*8 (Figs Id and 3d), the 
presence of a nucleolus was also observed in the gametes 

The tube nucleus is a spherical structure to start with, but during later 
devdoiHBent it takes a very deep stam and assumes an irr^ular outhne 
(Figs Id, 2c, 3d, 66, 6c, 6d and If) Further observations on it are described 
under pollination and fertilisation 

The structure of the mtme and exme may be described now Out of these 
two layers the exme is secreted first and soon after that the mtme makes its 
appearance Both the layers differentiate much before the pollen grain 
nucleus undergoes the first division to form the generative cell The mtme 
is a delicate membrane In the mature gram m some uistances it protrudes 
out slightly through the germ pores along with some protoplasm 

The exme is much thicker than the intine In structure it is not uniform 
As seen m sections, it is composed of light and deep stammg parts The 
latter take the form of radially arranged rods, which are covered on all 
sides by the light stammg portion of the exino (Figs Id, 2c, 3d, 45, 55, 6c, 6d 
and If) The thickness of the exme and also its tough structure is due to the 
presence of these rods They are pr^nt all round m the exme, except m 
the region of the germ pores There are some slight differences m their thick* 
ness in different species, but these are of too slight a nature to lend themselves 
easily to description It may be pomted out, however, that in AUmanta 
nodtflora and to some extent m Cyaihula tomentoaa and Celona argentea they 
are thicker than in other species and appear as small dots m surface view 
(Fig 25) In AUemanthera seestlts and Oomphrena gldboea the rods are more 
prominent along the ridges of the exme (Figs 7e and 8) In the rest of the 
qieoiM they are rather thm and give a fine granular appearance to the surface 
of the pollen grams (Figs 3c and 65) 

Sometimes before anthesis a perceptible change takes place m the thickness 
of the exme. In every case it gets thinner than before, as Puri and Smgh 
(1935) have reported in Ihgera arvensw and previously reported by Brough 
(1924) m Stypheha longtfdta The cause for this change aooordmg to Brough 
(1924) IS that the material from the exme is drawn upon by the protoplast of 
the developing pollen grams A somewhat similar opinion has also been 
expressed by Pun and Smgh (1936) They say 'with the increase m size and 
the approach of the condition, which wo regard as leading to d^eneration, the 
ezine gets thinner and thinner till it becomes very much reduced in completely 
degenerated pollen. One can hardly avoid the conclusion that during later 
stages of development the material composing the exine begins to be dissolved 
away *. On this point I differ from Pun and Singh (1935), and Brough (1924) 
The cause of this thinning of the ezine in the later stages of pollen development 
appears to the wnter to be its mechanioid stretching due to the growth of the 
jnotoplast inside it. This can be proved by actual measurement of the distance 
between the two adjacent deeply staining rods In every case the distance 
is found to morease. 
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The exine m Geloata argenka, AUmanw nodtflora, Amarantw virtdia, 
Cyathula tomentosa, Pupalta lappacea and Aerua lanata does not bear any 
spines or ridges on its outside and can be descnbed as ‘psilate’ according to 
the terminology of Wodehouse (1936) It is perforated by numerous germ 
pores, the number of which vanes in different species (Figs Ic, 26, 3c and 66) 
The pores m Cdosta argentea, AUmanta nodtfiora, Pupalut lappacea and Aerua 
lanata are approximately of the same dimensions, circular and generally 
equally spaced (Figs Ic, 26, 3c and 66) To put it m terms of Wodehouse 
(1936) they are cnbilate In Amarantua vtndts and Cyathula tomentosa they 
are regular or approximately regular A very mterosting point about the 
pores in Gelosia argentea, AUmanut nodtflora, Cyathula tomentosa, and Pupaha 
lappacea is their arrangement on the exinc Each pore, when taken to represent 
the centre, appears to be regularly surrounded by six or five pores (Figs Ic, 
26 and 3c) If the centres of such pores are connected by imaginary Imes 
a figure of a hexagon or pentagon is formed Each pore thus occupies the 
vertex of a hexagon or pentagon, while one is located in the centre The 
arrangement repeats itself with regard to any pore The hexagonal arrange- 
ment of the pores is more common than the pentagonal arrangement Both 
the types of pollen grams, however, are found in the same plant or even m 
the same anther The pore membrane m Celosta argentea (Fig Ic), Pupalia 
lappcuxa and Aerua lanata (Fig 66) protrudes out of the germ pores, while 
m the remaming species it does not do so 

It should be pointed out hero that the psilate type of pollen grams are 
not found m all members of the family Exception to this type is found m 
AUemanthera sesstlts (Fig 7c) and Oomphrena ghbosa (Fig 8) The 
miorospores of these plants are distinctly sculptured As both these genera 
belong to the Gomphreneae it is possible that this may be oharactenstio of 
the whole tribe In AUemanthera the pollen grains are sculptured with fi,ve- 
nded faces and generally twelve of such faces go to compose the spheroidal 
body of the pollen grain, which, therefore, has the form of a dodecahedron 
Occasionally, however, hexagonal faces are also met with in this species. 
There are as many germ pores as the number of faces, one occupymg the 
centre of each face In Oomphrena globosa the faces of the polyhedral gram 
are generally hexagonal in outline The pentagonal or heptagonal faces may 
also be found sometimes hero and there over the exine in between the hexagonal 
faces. Normally thirty to thirty-five faces can be counted m a pollen gram, 
which therefore has the form of a 30-36-8ided polyhedron In the centre 
of each face there is situated a single germ pore 

Variation exists with r^^ to the size of the mature pollen grains in the 
same species and m different species of the family. Some hypertrophied 
pollen grams were seen in Pupaha lappacea, Aerua lanata (Fig. fid) and 
Alternanthera sesstUs On closer examination they may be found m other 
species as well The reasons leading to the development of these grains are 
not clear, but they might result from irregularities in the rednotimi division. 
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The mature pollen grams are spheroidal The followmg table giyes the 
range of variation in the diameter of the different pollen grains, the number 
of germ pores, their diameter and the distance between two adjacent pores 
From these characters and from the psilate or sculptured nature of the 
exine it is possible to identify the polleh grains of these plants 


Plant 

The diameter 
of the pollen 
gram m/i. 

The number 
of germ pores 

Diameter 
of germ 
pores m p 

Thedistanoe 
between the 
oentzes of two 
adjacent pores 
in /I 

1. Celoma argentea 

SO to 35 

15 to 20 

4to55 

8 to 115 

2 AUmanta nodtflora 

20 to 25 

14 to 17 

35to5 

7 to 10 

3. Amaranttu vindu 

10 to 24 

15 to 20 

15to22 

3to6 

4. Oyatkula iomentoea 

18 to 24 

30 to 35 

2to 3 

3to45 

6, Pupalta lappacea 

20 to 25 

20 to 25 

2 to 3 

6to 6 

S. Aerua lanata 

14 to 16, and 
sometimea 

20 to 22 

6to 8 

36to48 

7to9 

7. Aehyranthee cupera 

15 to 22 

25 to 30 

2toSS 

35to46 

8. AUemanthera «m- 
elite 

16 to 20 

12, some- 
times more. 

27toS3 

6to 7 

9 Qamphrena globoea 

25 to 30 

SO to 35 

25toS6 

45to 6 


ThB STBUOTUBB OB THB OVABY AND OVULB 

The size and shape of the mature ovary vary a good deal in different 
genera of the family This is shown by figs 96, llo, 12A, 136, 14a and 16a 
The style is long or short and is capped by a glandular stigma The style is 
generally hollow, but it is sohd in AmararUus v%nd%8 and Boata Amherattam 
(Figs 106, 12A) 

In Celoata argentea, Amarantua v%ndta, Gyathula tomentoaa, Pupalta 
lappacea and Aerua lanata the development and form of the ovule shows Uttle 
variation. Dunng the early part of its life-history the ovule m all these 
plants passes more or less through the same stages of development as figured 
by Joshi and Bao (1934) m Dtgera arvenata (Figs 9a, 11a and 13a), so that 
at the time of fertilisation it assumes an ana>campylotropuB form (Figs. 96, 
12h, 136, 14a and 16a) In AUmanta nod%jlora, however, the final form of the 
ovule IS oampylotropous (Fig lie) and dunng its ontogeny it is denved from 
an amphitropous condition (Fig 116) The development and form of the 
ovule in Boaia Amhieratiana is described separatdy as it differs very much 
from the rest 

Each ovule has a stalk and two mt^piments enclosing a massive nucdlus. 
The stalk vanes in length in different plants It is short m Amaranttu viridia 
(Fig 126), while m the remainmg plants it is comparatively long (Figs 96, 136, 
14a and 16a) The ovule has two p<»itions with regard to its fumole It is 
erect in Celoaia argentea (Fig. 96), AUmanta nodtflora (Fig. lie) and Anuiraniua 
virtdta (Fig 126) The micropyle m these oases points towards the base of 
the ovary. In Gyathula Ummtoaa (Fig 136), Pupalta lappacea (Fig 14a) 
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Fro 9. 


Fio. 0 — COona argenUa a, longitudinal section of the gynacium sbowmg two young 
ovules 6, the same at a later stage, c, two megaspore-mother cells, d, 
a megaspore-mother cell during the I meiotio division, e, a dyad J, a 
linear tetrad of four megaspores g, a linear row of a mioropylar dyad and 
two megaspores h and i, 4- and 8.nuoleate embryo sacs j, mioropylar 
part of an embryo sac showing a synergid and two polar nuclei, h, the same 
showing a hypertrophied synergid. I, the same showing the egg. m* a stage 
in the development of the embryo. Dermatogen has just begun to diflerentiate. 
n, longitudinal section of an advanced embryo. o.su8penaor. p, longitudinal 

section of the mature seed showing an annular embryo, a single layer of 
, endosperm over the radicle and perisperm. a, X 76 , 6, X oa 37 , c-i, X 476 , 
mando, X*60, n, xeo.106, p, xoo 18 

and Aema lanata (Hg 16a) the ovule haa a pmdalous position slid the mioropyle 
faces towards the stigma The result of this on the course of the pollen tube 
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is desonbed under pollination and fertilization The fiuuole in AUfiumia 
nodtflora presents an additional point of interest As the ovule reaches the 
mature embryo-sao stage, the epidermis of the funiole in its upper part separates 
ofiF and begms to bulge out This bulging later develops mto a hollow anllous 
outgrowth, which forms a oushion-like structure below the mature seed 
(Fig 11c) 

Of the two mtegumonts, the inner one forms the mioropyle It is mostly 
two cells thick, but in the micropylar region it is thicker The outer integu- 
ment m CeUma argenlea, Amarantua vtndia and Aerua lanaia consists of two 
layers of cells except in the micropylar part, whore it is thicker In AUmama 
nodtflora, Cyathvla tomerUoaa and Pupalta lappacea, however, the outer mtegn- 
ment is thicker both m the chalazal and micropylar region In the ohalazal 
part its thickness vanes from three to six or even more layers of cells 

The nucellus is quite massive m all oases as in Dxgera (Joshi and Rao, 
1934), AUariMiUhera (Kajale, 1936) and Achyranihea (SLajale, 1937a) It is 
characterized by the formation of the epidermal cap m all genera, which is 
generally two to four cells thick The cap formation begins about the time 
when m^aspores are being differentiated (Figs lie and 12c) Another 
feature of the nucellus is the differentiation of a munstematic zone at the 
ohalazal end, which forms new cells and thus helps in the growth of the ovule 

Bunng the early part of ovule development a oharactenstio air-space is 
developed in the chalazal part of the ovule, in between the two int^ments 
(Figs lOh, lift, I2h and 13a) Sometimes a second air-space may also be 
seen, e g m Pupalta lappacea, near about the first one m between the nucellus 
and the inner integument The air-spaces may be traced generally up to the 
fertilization stage (Fig I2h) They completely disappear during embryo 
development The other famihes of the Centrospermales, in which the 
presence of an air-space has been recorded, are CJhenopodiaoeae (Bhargava, 
1986), Portulaoaoeae (Netohtzky, 1920) and Caotaceae (Neumann, 1936). 
As quoted by Maheahwari (1936) a good deal of importance has been paid 
by Netohtzky (1926) and Neumann (1936) to the presence of such air-spaoee 
m the ovule from the systematic point of view They appear to be a oharac- 
tenstio feature of the ovule of the Centrospermalee In other groups, however, 
the occurrence of air-spaces between the mteguments and the nucellus of the 
ovule does not appear to be so constant Thus m the Menispermaoeae Joshi 
finds such air-spaces very prominent m CocctUua viUoaua (Joshi, 1937), but they 
are absent in Tinoapora cordtfolta (Joshi, 1939) 

A notable peculiarity has been observed with regard to the struotuie of 
the ovule m Boata Amherattana It has a curved funiole and two integuments, 
In which is enclosed a very small nucellus (Fig. 106) The nucellus develops 
up to the appearance of the mtegumental initials as m other species (Fig 10a), 
but later the growth between the integuments and the nucellus is very unequal. 
As a result of this the bulk of the ovule, at least up to a qertain stage, is mostly 
composed of mteguments alone. The inner one of these forms a long micropyle 
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Fia 10 


b 


Fro. 10,—Boaia Amharetiana. a and 6, longitudinal seotionB of the ovary dioaing 


two stagee m the development of the ovule In the latter u seen an eir^paee 
in the ohalagal part of the ovule and poor development of the nueellus. o 
and 6, X 126. 


and at the base of the latter a very email amount of nuoelluB is seen (Fig 106}. 
Both the mteguments, however, develop side by aide The inner one is two 
oeUs thick through its greater length, but is thicker m the mioropylar part. 
The outer one is generally two oeUs thick, but at some places is up to three 
cdls thick. As m many other plants it is thicker m the chalazal and mion^ylar 
regions. An air-spaoe is also developed in the chaUzal part of the ovule in 
the early stages. In Amarantaoeoe it is generally observed that by the time 
pollen grains become bi-nucleate the fimotiomng m^aspore-mother is 
already differentiated, but m the present instance there was no trace of ev«i 
an ardbeeponal cell at this stage. Older sts^ than this could not be observed 
due to lack of suitable material, but it would be really interesting to observe 
further develc^ment of the ovules of this speoies. 


Mboasfobbs and bubbyo sao. 

' The primary ardiespcoium in the ovule beginB to appear just before or 
sbhultaneonsly with the differentiation of the integumental mitialB. It is 
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multiodlulai and oonsista of two to six hTpodermal cells, except in PupaUa 
lappaeea, where mostly only a smgle cell was observed In addition to the 
hypodermal arohesponum, the cells of the nuoellus below the hypodermis 
also occasionally differentiate as archesponal cells m some plants (Fig 13e), 
as descnbed by Joshi and Venkateewarlu (1036a, b and 1036) m several 
Lythraoeae 

All the archesponal cells, however, do not develop further Those only 
m the hypodermal position cut off parietal cells In this way two to six 
megaspore-mother cells may be formed (Figs Oc, lid, 12a, 13e and 166) 
After having developed to this stage all the m^aspore-mother cells merge 
into the nucellus except the one m the median position, which alone develops 
further (Figs Od, lie, 126, 13d and 16e) The fact, that in later stages only 
one megaspore-mother cell is seen, has probably led older authors to conclude 
that the arohesponum in the family consists of a smgle cell 

The functional megasporo-mother cell mcroases m size It divides to 
form two dyad cells (Figs 9e and 13e) The one resultmg on the chalazal 
side, as a rule m the family, divides mto two megaspores (Figs 9/, 9g, 11/, 
12c, 13/, 14e, 16d and 16c) The nuoropylar dyad cell vanes in its behaviour 
It divides along with the chalazal dyad cell m AUmanta nodtflont and Cyathtda 
UmentoM and thus in these plants generally a regular row of four megaspores 
is formed (Figs 11/ and 13/), but the division of these two dyad cells is not 
necessarily simultaneous The mioropylar dyad cell shows a tendency to 
divide rather late (Figs 11/ and 13/) and at times may also fail to divide 
This tendency for the suppression of the second division m the nuoropylar 
dyad cell has become more pronounced m the remammg species, i e GeJoaia 
argentea, Atnarantus virtdts, Pupalta lappaeea and Aerua lanata In these 
plants only a row of three cells, two m^aspores and a dyad cdl, is the usual 
result of megasporogenesis (Figs 9g, 12c, 14c, 16d and 15e) Occasionally, 
however, in Cdoaxa argentea both the dyad cells divide and form a row of 
four megaspores (Fig 9/) A row of three cells is reported by Dahlgren (1916) 
in Amarwnltm bktum and by Fischer (1880) m Oomphrem decumbens Out 
of the eleven plants so far worked out in the family a complete row of four 
m^jaspores is present only m Dtgera orvensw (Joshi and Eao, 1934), AUmanta 
nod^flora and Oyaikvia tomentoM and even m these a tendency towards the 
suppression of the second meiotio division m the mioropylar dyad is commonly 
exhibited. 

Whatever may be the numbw of megaspores formed after the two meiotio 
divisions they are generally ammged in a hneor fashion One exceptional 
case, however, was observed in CyotAiUa fomenkwa. This is sketched in fig 13g 
The four megaspores are arranged m an mverted T-shaped fashion. This 
form of the tetrad has been seen in Anogra paUxda (Johansen, 19316), 
Zavschnma lat%fdlta (Johansen, 1931a) and Ludwigia parvifiom (Maheshwari 
and Gupta, 1934) In all these three {dmits the embryo sac development is 
of the Oeno(6era-type. In forms with normal-type of embryo sac development 
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8Uoh Mrangement of megaspores is not known, this being the first recorded 
instance. 

The embryo sac develops always from the ohalazal megaspore, while 
the remaining m^aspores degenerate during further development (Figs 9/, 
9^, 11/, 14c and 15e) The functionmg megaspore increases m size Conse- 
quently, one or two and sometimes more vacuoles appear on either side of 
the nucleus (Figs 9gi, 12c, 13h and I5d) The nucleus now divides into two 
The resultmg nuclei show distinct polarity, and they travel to the opposite 
ends of the embryo sac, bemg separated by the growing central vacuole (Figs 9/, 
11(7, ft^d 16^) Each nucleus at either pole divides twice and this leads 
to the formation of a typical eight-nucleate embryo sac (Figs 9h, 9», 1 lA, 12e, 
13t, IZj, 14d and 16A) 

The egg-apparatus consists of two synergids and an egg cell The latter 
18 a flask-shaped structure with the nucleus confined to the basal part There 
may be one or two prominent vacuoles m the micropylar part, while below 
the nucleus a few small vacuoles may also bo seen in Amarantiia vtrtdta (Fig 12g) 
and Pupalta lappacea (Fig 14/) In Cyathvla tomentoaa (Fig 13/) and Aerua 
latuUa (Fig 15j) the egg is very much vacuolate, as already noted m 
Achyranthea aspera (Kajale, 1937a) 

The synergids are pear-shaped and possess promment hooks The 
vacuole is situated in the ohalazal end and consequently the nucleus along 
with some cytoplasm is confined to the upper half (Figs 9^, 12/, 13/;, 14/ and 
16t) Occasionally synergids with ^g-hke appearance, lo with micropylar 
vacuole and nucleus in the chalazal region are seen in AmararUua mrtdta, 
CyaihuJa tomentosa and Pupaha lappacea Such egg-like synergids now 
appear to be common m the fiowormg plants They have been reported 
from members of several different families, as has been summarized by Joshx 
and Kajale (1936), and their beanng on the morphology of the B 3 niergidB has 
been discussed by Joshi (1939) 

The eight nuclei of the embryo sac before they organize mto any definite 
structures are all equal in size, but during the development of the embryo sac 
the two polar nuclei mcrease m size as they move to meet each other (Figs 9t, 
9;, llA, 12/ and 13j) After fusion they form a secondary nucleus This 
does not occupy any fixed position in the embryo sac It generally hes m the 
micropylar part and is plac^ close to the egg-apparatus (Fig 12/) In Pvpalta 
lappacea it is often seen m the chalazal half of the embryo sac, somewhere 
near the antipodals (Fig 14/i) 

The antipodals in the family differentiate before the eg^-apparatus. 
This was clearly observed m CeUma argentea (Fig 9i), and AUmanta nodtflora 
(Fig. 11 A). Similar eariy organization of the antipodals has been recorded 
by the wnter m AUemanthera sesst/ts (1936) In all the members of the 
family so far mvestigated the antipodals hpre been reported to be three m 
Bomber, The same condition has been obswved m Cdona arf^nlea (Fig 9»), 
AUmamta nadifiora (Fig llA), Atnaranitu mndte (Fig. IZf), Cyatkuia tomentoaa 
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Fio 11. — AUtnawa nodufiora a-e, longitudinal ■eotiona of the ovary ehowing three 
stages m the development of the ovule The last figure shows an arillous 
outgrowth from the funiole of the ovule d, apex of the nuoellus showing 
three megaspore-mother cells, e, the same showing a single megaspore* 
mother cell during the 1 meiotio division, f, a linear tetrad, g, g-nuoleate 
embryo sao h, 8-nuoleate embryo sao. i, embryo sao at an advaneed 
stage showing degenerating synergids. In all the three embryo saos staroh 
grains are shown by larger dots, j and h, two stages in the development 
of the embryo, m the latter figure the dotted part represents the plerome. 
I, longitudinal section of the mature seed showing the form of the embryo 
and a layer of endosperm over the radide. a and ^ x 76, e, x eo 87, d-j, 
X 476; h, X 00.887, {, x oo 18. 
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(Fig 13j) and Aerva lanata In Pv/palxa lappacea (Kajale, 1937&), however, 
the situation is different Here the antipodals are three in the beginning, 
but they soon begin to multiply AH of them divide to form a small mass 
of cells as shown in figs 14e, g and h Their total number is variable, but 
up to thirty to forty cells can be commonly counted in the later stages The 
cells of this antipodal mass are generally small, full of cytoplasm and without 
vacuoles, but among them a few larger coUs are also found and these show 
promment vacuoles (Fig 14^) The multiplication of the antipodal cells 
takes place before the division of the primary endosperm nucleus (Fig 14e). 
During the secondary elongation of the embryo sac the antipodals are pushed 
lateraUy (Figs I4g and h) and there they persist after fertilization up to the 
early stages of embryo development on one side of the embryo sac as m Dtgera 
arvmaxa (Joshi, 1036), AUematUhera sesstlts (Kajale, 1036) and AchyratUhea 
aspera (Kajale, 1037a) The lateral placing of the antipodals after the 
secondary elongation of the embryo sac has also been clearly observed in 
AUmanxa nodtflora, Cyathula tomentosa and Aerua lanata, but m these cases 
they degenerate earlier than in Pupalta lappacea The multiphcation of the 
antipodals m Pupalva lappacea recalls the comhtion found in many members 
of the Gramineae and Compositae 

The" occurrence of starch grains in the family has been clearly noted 
m the embryo sac of AUmanta nodtflora (Figs l\g, h and i), Amarantua vtndta 
(Figs 12/, g and j) and CyaUtvla Umenloaa (Figs ISk, I and m) These grains 
make their appearance m the mature embryo sac or still earher as in AUmanta 
nodtflora (Figs llg and h) and persist after fertilization for some time m the 
protoplasm of the endosperm (Fig 12^) In Amaranttta vtndta and AUmanta 
nodtflora they are of small dimensions In Cyathula tomentoaa they are much 
biggw m size. Their presence appears doubtful in Pupalta lappacea and 
Aerua lanata 

The fined form and size of the embryo sac in the different species is 
lUustrated by fiigs 11c and 12j A fuU grown embryo sac ui Cdoata argentea, 
Amarantua vtndta, Cyathula tomemloaa and Aerua lanata assumes an annular 
form In AUmanta nodtflora and Pupalta lappacea it is different In these 
cases the ohalazal end of the embryo sac grows actively and penetrates further 
mto the nuceUus (Fig 11c), as in Achyranthea aapera (Kajale, 1037a) This 
development of the embryo sac appears to be correlated with the form of the 
mature embryo of these plants 

POLUNATIOB AKD YBBTIMZATIOH 

The fiowers m the family Amarantaceae are without honey and odourless. 
In most oases they appear to be anemophilous In addition to anemophily, 
self pollination in the family appears in no way rare In those cases where 
the anthers are nearly as taU as the style or slightly taller, as in Aerua lanata, 
AUemanthera aeaatUa, Oemphrena globoaa, etc., sdf pollination appears to be 




Fia 12 

Fio 12 — Amarantua vindta a, a nucellua showing two megaspore-mother cells b, 
the same showing a single megaspore-mother cell during the I meiotio division. 
e, a Imear row of two m^aspores and a mioropylar dyad Two epidermal 
cells have divided penclmally d-/, different stages in the development of 
the embryo sac y, a xmcropylar part of the embryo sac showing the feitihced 
egg and remains of the pollen-tube h, longitudinal section of the ovary 
showing the path and the presence of five pollen-tubes An air spcMse m the 
chalcwal pctft of the ovule is also seen 4, apical portion of one of the pollen- 
tubes from the same ovary, y, an embryo sac after fertilization showing 
mitotic divisions of the endosperm nuclei in the micropylar part and endosperm 
accumulation at the c h a l aza l end, bigger dots represent starch grams k, 
a portion of the endosperm , cell plates are seen on some spindle fibres l-p, 
various stages in the development of the embryo, q, suspensor. r, longi- 
tudinal section of the mature seed showing annular embryo and a layer 
of endosperm around it. a~g, X 47S, h, X 126, i, X 800, j, X oa.l06, 
k, X 428; 1-9, X 476; r, X 28. 
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even more common than wmd polhnation The fact that the stamens are 
sometimes seen touohmg the stigma itself lends further support to this 
possibility Knuth’s (1909) account concornmg the subject is not exhaustive 
He has referred to only one plant in the family, viz ArmrarUua blitum He 
writes that the plants m the Amarantaceae are anemophdous Regard mg 
the Chenopodiaceae, however, ho sees the possibility of self pollination This 
appears to the author to be the case m many members of the Amarantaceae 
as well 

The pollen gram is earned to the stigma at the three-nucleate stage 
There it germinates and the poUen-tubo passes downwards through the style 
After it has emerged at the lower end of the style, it leaps over the space 
in between the ovary wall and the ovule It then reaches the ovule and makes 
its way to the micropyle in either of the two ways This depends upon the 
form of the ovule at the time of fertilization In Cyaihula tomentoaa (Fig 136), 
Pupaha lappacea (Fig 14fl) and Aerm lanata (Fig 16o) the micropyle points 
upwards towards the stigma In such cases the pollen-tube reaches the 
micropyle after travelling a short distance along the fuiiiclo as described 
m AUemanthera sesatlts (Joshi and Kajale, 1937) The onentation of the 
ovule in Celosta argentea (Fig 96), Allmania nodtflora (Fig 11c) and Amarantna 
v\ndxa (Fig 126) is different The micropyle m these forms is directed m 
the opposite way, i e , it is pointing towanls the base of the ovary Conse- 
quently, the pollen-tube, after it has emerged from the style, first comes in 
contact with that part of the ovule which is facing the stigma It then has 
to travel along the general surface of the ovule m order to make its way to the 
micropyle In the latter cose, therefore, the pollen- tubes have to undertake 
a more circuitous path The hanging ovules with their micropyle pointing 
upwards towards the stigma are better adapted to receive the pollen-tubes 

More than one pollen gram has been commonly observed germmatmg 
on the stigma As many as five pollen-tubes were seen m AmararUus vtrtdis 
entering the ovary This is illustrated by fig 126 Three of the pollen- 
tubes are seen hangmg m the ovary below the style, while the other two have 
developed so far as to reach the base of the ovary It is not known why 
these tubes instead of entormg the micropyle have gone beyond it to such an 
extent The ends of these tubes were quite close to one another and in each 
of them two sperms were clearly seen The tube nucleus is also observed 
at the tip of one of the pollen-tubes (Fig 12») It becomes evident from 
fig 126 that the path of the pollen-tubes is not very definite after reaching 
the ovule They run m all directions along the surface of the ovule to find 
their way to the micropyle 

Accessory pollen-tubes entering an embryo sac are quite common m the 
feunily They were reported by Joshi and Kajale (1937) m AUemaiUhera 
and D%gera, and m AcKyrardhes by Kajale (1937a) The writer has now further 
observed such pollen-tubes in Pupalia lappacea and Aenta Janata. Among 
other Centrospermales accessory pollen-tubes have been recorded in the 
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Fia. 13. 

Fio 13. — Oyathula tommtosa a and b, loztgitudmal eeotions of the ovary showing 
two stages m the development of the ovule, o, apex of a young nucellus 
showmg a group of megaspore-mother cells d, megaspore-motber cell at 
dukenesis e, a dyad f, a linear tetrad, upper dyad cell is dividing g, 
cm mverted T-shaped tetrad various stages m the development of 

the embryo sao k, Mioropylar pcurt of the embryo sac showing two synergids 
and starch grains I, the same showmg the egg cmd starch grains m, the 
middle part of the embryo sao showmg the primary endosperm nucleus and 
the starch grains, a, X 00,6, x 26,o-m, X 476. 

Nyotaginaoeae m Boerhaavta dtffuM by Maheshwan (1929), and in B repanda 
by the author (1938) Many other oases of a similar nature from different 
famihes are known for a long time For full literature on the subject reference 
may be made to Dahlgren’s (1927) review of fertilization 

Doubt has often been expressed whether the tube nucleus, which in the 
later stages of pollen development assumes an irregular outhne, can at all 
take part in the development of the pollen-tube In my opinion this question 
may be answered m the affirmative In the family i^arantaoeae the tube 
nucleus, though sphencal in the beginning, generally becomes irregular m form 
in mature pollen grains. This was also observed in Amarantua virtdta. 
Similarly the tube nucleus m Q%uha phamaeeotdes becoi^es irregular in outline 
(Joshi and Rao, 1936) In both these oases the tube nucleus was clearly seen 
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in the pollen-tubes that had entered the embryo sao (Fig 12») It follows 
from this that the tube nucleus is likely to take part m the growth of the 
poUen-tube, and its irregular outlme in no way mdioatos its inert behaviour 
afterwards 

Ebibbto dbyblopmbnt 

A fairly exhaustive account of embryo development of Dxgera arvenats 
and AUemanthera aeaailva was published by Joshi and the author (1937) recently 
During the present investigation embryo development has been studied m 
Odos%a argentea, Allmanta Tiadtflora, Amarantus vtndta, Pupal%a lappacea 
and Aerua lanata These observations completely agree with the previous 
account 

After fertilization the oospore by a series of transverse divisions forms a 
proembryo (Figs 12i, 12m, 14», 14j and 16ife) It is a filament of varymg 
number of cells Generally it consists of nme to ton colls in Celosia argeniea, 
SIX to eight cells in AUmama nodtflora (Fig 11^), six to eight in AmararUua 
vtrtdis (Fig I2n), eight to ten in Pupalta lappacea (Figs 14^ and 1e) and five 
to seven in Aerua lanata (Fig 162) 

Followmg the organization of the proembryo some of its apical cells, 
varymg from three to five in number (Figs 9m, 11;, 12n, 12o, lile, 142 and 
162), develop further to form the embryo proper It is mterostmg to note 
that for a particular plant there is a fixed minimum number of cells which 
form the mature embryo In Amarardm vtndia four or five cells take part 
in the development of the embryo (Figs 12o and p) Similarly for Celosia 
argeniea (Fig 9m), Pupaha lappacea (Figs 14J(; and 2) and Aerm lanata the 
mininiiim number of cells taking part m embryo development is four For 
AUmanta nodtflora it is three (Fig llj) To the latter category may be added 
AUemanUtera aesstha and Dtgera arvenaia (Joshi and Kajale, 1937), where the 
minimum number of cells that form the embryo is three only 

This leads us to the question of differentiation of the various parts of 
the mature embryo from these apical cells of the proembryo. Only one cell 
at the extreme apex of the proembryo is concerned m the development of 
the two cytoledons and the stem-tip Likewise, the root-apex also is developed 
firom a single cell, the hyxiophysis This may be the third, fourth or fifth 
cell from the apex, depending upon the initial number of apical cells set apart 
for buildmg up the mature embryo (Figs. 9m, 11;, 12n, 12o, 12p, 141;, 142, 
16m and 16n) All the cells m between the hypophysis and the apical cell 
give rise to the hypoootyl and the radicle It is only these parts which 
develop from a varying number of cells, one, two or three as the case may be. 

During further development from the proembryo stage vertical divisions 
appear in the embryonal ceUs. These first appear in the second, third or 
fourth cell from the apex (Fig. 12») In fact this is the division which deter- 
mines the number of apical cells that are to form the mature emb^o The 
vertical divisions then progress towards the apex, as in Chenopodiaceae 
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Fro. 14. 


Fro 14 . — Pupaha lappacea a, longitudinal motion of the ovary showing the form 
and orientation of the ovule b, apex of a young nuoellus showing a single 
megaspore-mother cell e, a lineeff row of two megaspores and a micropylar 
dycwl d, an embryo sao showing the 8-flree nuclei, s, a mature embrsro sac 
showing the egg, two degenerating synergids, secondary nucleus and four 
antipodals f, micropylar part of the embryo sao showing the egg and a 
S 3 mergid g, middle part of the embryo sao showing a big vacuolated and 
four small antipodals h, the smne showing a mass of antipodals and a 
primary endosperm nucleus y4, various stages m the development of the 
embryo, m and n, suspensors o, longitudinal section of the mature seed 
showing the form of the embryo and a layer of endosperm surrounding it on 
theoutside a, XeaS7,b-h, x478,t-n, Xea237,o. Xca 18. 
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(Soudgea, 1920), Caryophyllaoeae (Sou^ges, 1924) and Molluginaoeae (Joahi 
and Bao, 1936) 

Soon after the completion of the vertical walla m the apical cella, the 
ponchnal diviaiona are initiated m the aame cell in which the firat vertical 
diviaion had atarted (Figa 9 m and 12p) Thia is the beginning of the 
dermatogen differentiation, which is gradually completed in other cella in 
aoropetal order (Figs 141 and 16m) This acropetal differentiation of the 
dermatogen appears to be oharaotenstio of the whole order Centrospermales 
It has been recorded in Ghenopodmm Bontts-Henncua (SouSges, 1920), Qxsdna 
phamaceoides (Joshi and Rao, 1936), AUermnthera sessilxs and Dxgera arvensts 
(Joshi and Kajale, 1037), Achyranlhea asp&ra (Kajale, 1937a), Boerhaavxa diffusa 
and B repanda (Kajale, 1938) 

Excluding three to five apical cells, which give rise to the embryo proper, 
the remaining cells of the proembryo develop into the suspensor This is of 
two types in the family The first type is found in AUmanta nodtflora and 
Aeura lanata In both these plants the suspensor throughout its length is 
unisenate (Figs 111; and 15m), as in Achyranthes aspera (Kajale, 1937a) 
The second type of suspensor is mot with in Celosta argentea (Pig 9o), 
Amarantus mndia (Fig 12?) and Pupalia lappacea (Figs 14m and n) The 
suspensor in these cases becomes massive m the mtcropylar region In the 
lower part, however, it is completely or partially bisenate, as in Amarantus 
mndis (Fig 12?) and Pupalia lappacea (Figs 14m and n) or unisenate as in 
CeUma argentea (Fig 9o) A somewhat similar structure is found in 
AUemanthera and Digera (Joshi and Kajale, 1937), and Woodcock (1931) has 
reported the same condition in the species of Amarantus worked out by him 
The suspensor is present nearly up to the stage of embryo development shown 
by fig 9n Later it b^ins to degenerate and no trace of it is seen in the 
mature seed 

Among the Amarantaceae variation exists with regard to the form of the 
mature embryo It is annular in Celosia argentea (Fig. 92?), Amarantus mndis 
(Fig 12f), and Aerua lanata Examples of annular embryo are found in two 
more genera, AUemanthera and Digera (Joshi and Kajale, 1937) The mature 
embryo in AUmania nodiftora and Pupnita lappacea is shown by figs 111 and 
14o Here the cotyledons have grown still further into the pensperm as in 
Achyranthes aspera (Kajale, 1937a) The structure of the embryo in the 
last three plants is mterestmg, for it shows how the spiral embryo, met with 
m the tribe Spirolobae of the Chenopodiaceae, could have ongmated 

Numerous starch grams are deposited in the different parts of the embryo 
Them distribution was studied m Celosia argentea and AUmania nodiflora 
The cotyledons contain more grams than the hypocotyl and the radicle At 
the root apex they are less than m any other region The distribution of the 
starch also differs in the three histogenic layers of the embryo More starch 
is found in the penblem than m the dermatogen and plerome The size of 
tile grains m the periblem is also larger than m the plerome and dermatogra. 




Fio. 10. 

Fxa. 16 -^Amta Icmata. a, longitudinal Motion of the ovary ehowing the form and 
orientation of the ovule h, apex of a young nooellua dmwing two megaspore- 
mother cells, o, the same showing a single inegaspore*inotber cell during 
the 1 meiotio division, d and s, a row of two megaapores and a mioropylar 
dyad f~h, various stages in the development of the embryo sac i, mioro. 
pyhr part of the mature embryo lao showing a pair of synergida and a 
secondary nucleus j, the same showing the fertiliaed egg and the primary 
endosperm nuolaua. h-n, various stages in tiie developaieiit of the embryo. 
a, Xea.SlS(bHi, XOOO. 
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The starch deposition m the embryo begms late, after the cotyledons have 
developed to a considerable size A similar distnbution of starch was noted m 
Alternanihera and Dtgera (Joshi and Kajale, 1637) 

Pebisfebm and endosperm 

A good deal of nueellus is left m the centre of the mature seed This 
represents the pensperm The colls m it are densely filled with starch grams, 
which serve as the reserve food for the embiyo The pensperm m Cdoaxa 
argeniea (Fig 9p) and Amaranlus vtrtdis (Fig 12r) is a pear-shaped body 
enclosed withm the embryo In AUmanta nodxfiora (Fig 111) and Pupalxa 
lappacea (Fig 14o) it becomes two-lobed due to the accessive growth of the 
cotyledons 

The endosperm formation has been studied in all plants except in Cyathvla 
UnnetUoM The pnmary endosperm nucleus divides a number of times before 
the oospore in a free nuclear fashion Numerous nuclei are thus formed 
These are mostly evenly distnbuted m the protoplasm of the embryo sac 
except at the chalazal end In Gelosta argentea, Amarantus vtndts (Fig 12j), 
Pupaha lappacea and Aerua lamta some of the nuclei were clearly seen accu- 
mulating m a mass at the chalazal extremity of the embryo sac This accu- 
mulation begms after the proembryo stage Diinng later stages of embryo 
development it disappears due to the appearance of the cell walls m the 
endot^rm 

An mterestmg pomt about the endosperm is the division of its nuclei 
All these nuclei do not divide simultaneously throughout the embryo sac. 
The divisions start m the micropylar region and extend gradually towards 
the chalazal end The vanous figures of mitotic divisions thus can be seen m 
one and the same embryo sac (Fig 12^) This peculiar behaviour of the 
nuclei was clearly noted m AUmanta nodtfiora and Amarantus wndM The 
endosperm nuclei as they enter the telophase stage are connected with each 
other by spindle fibres (Fig 12k) In some of the spmdles ceU-plates were 
clearly seen at the equatorial region (Fig \2k), but they disappear very soon 
The spmdles soon disappear and the nuclei he quite free in the general 
cytoplasm of the embiyo sac 

The wall formation m the endosperm begins nearly sunultaneously with 
the appearance of the cotyledonary initials m the embryonal mass It starts 
in the micropylar region and extends towards the chalazal extremity The 
endosperm becomes cellular throughout the embryo sac and no endosperm is 
left in the free nuclear condition To this general rule in the family, 
AUwnanihera eesatUs (Joshi and Kajale, 1937) is the only exception so far 
known In this species part of the endo^rm at the chalazal extremity remains 
always in the free nuclear condition and is absorbed by the embryo as such 
The embryo during its development destroys the endosperm, and the seeds, 
therefore, are nearly non-endospermic. .Only a layer or two of endosperm 
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cells is left in the mature seed This is present m the form of a cap over the 
radicle m CeUma argentea (Fig 0p), AUmanta nodtflora (Fig 111) and Aertta 
Umata In AmararUtia vtrtdts (Fig 12r) and Pupalta lappacea (Fig 14o) 
it completely surrounds the embryo except for a short distance about the 
middle on the side of the pensperm According to Woodcock (1931) the 
endosperm layer in Amarantus caudatus is present only over the radicle, unlike 
that in AmaraiUtia vxndts (Fig 12r) The cells of the endosperm are generally 
densely packed with starch grama, but some of these cells m Pupalta lappacea 
(Fig 14o) towards the chalazal end have less of starch than others 

SUMMABY 

The paper deals with the life-history of Cehaia argerUea, Allmania nodiflora, 
Amarantus vtrtdta, Gyathula tomerUoaa, Pupalta lappacea and Aerua lanata 
A few stages m the development of AUemarUhera sesstlts, Oomphrena globosa 
and Boata Arnherattana are also described 

The various floral parts develop m acropetal succession The order of 
development is bract, bractoolos, perianth, androsoium and gynsscium 

The archesponum in the anther appears at two places m ono-cellod anthers 
and at four places in two-celled anthers and consists of one to five rows of 
hypodermal colls The primary wall cells give rise to three layers The 
anther wall is thus four layers thi< k The hypodermal layer forms the fibrous 
ondothecium The innermost layer develops into the tapotum It is secretory 
in function Its cells are generally bmucleate, but occasionally the number is 
higher The layer between the ondothecium and tapotum is crushed early 
The mner wall of the tapetal and endotheoial cells undergoes granular cutmiza- 
tion in all cases 

The division of the pollen-mother cells is simultaneous Cytokmesis 
takes place by furrowmg 

The mature pollen grains are three-nucleate The sperms are merely 
nuclei The tube nucleus becomes irr^lar in outlme, but it appears to take 
part m the development of the pollen tube The presence of starch grains 
has been noted in the mature pollen grains The exine m the mature pollen 
grams becomes thmner than before This is due to its being stretched by 
growth from inside 

The pollen grains in most forms are of the smooth type, but m AUemanUtera 
and Oomphrena they are sculptured The size of the grams, number and 
size of the germ pores, behaviour of the pore membrane vary a good deal m 
the different plants From these characters it is possible to identify the 
different species of the family 

The ovules are generally ana-campylotropous, but in AUmanta nodtflofa 
the ovule is campylotropous In this species an ariUous hollow outgrowth 
develops from the fiuucle There «« two mteguments. The inner one forms 
the micropyle A charactenstic air-space is developed m between the two 
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integuments in the ohaJAzal part of the ovule A second air*8pace is sometimes 
present in between the nuoellus and the inner mtegument 

The nuoellus is well developed except in Boata Amheratiana Its chief 
feature is the formation of an epidermal cap and differentiation of a menstematio 
zone at the chalazal end The archesponum m the ovule consists generally 
of two to SIX hypodermal cells, but only of one cell in Pupalta lappacea A 
parietal cell is cut off Many megaspore-mother cells are formed, but only 
one completes the meiotic divisions A linear row of two m^aspores and 
a dyad or four megaspores is formed The former condition is more common 
One exceptional case of mvorted T-shapwl tetrad was noted in Cyathida 
tomentom 

The embryo sac is of the normal type The egg is flask-shaped It may 
have a smgle prominent vacuole or many small vacuoles The synergids are 
two m number, pear-shaped and hooked The vacuole is in the chalazal 
part and the nucleus is in the micropylar region Egg-like synergids have 
also been observed The antipodals are three in number, except in Pupalxa, 
where they multiply to form a small mass of 30-40 colls They persist for 
some time The two polar nuclei increase m size before fusion Starch grains 
in the mature embryo sac have been noted in AUmanta nodtflora, Amarardus 
vtrtdta and Cyathida Umentoaa 

Fertilization is porogamous Accessory pollen-tubes m the embryo sac 
wore observed ui Amarantua vindta, Pupalxa lappacea and Aerua lanaia As 
many as five pollen-tubes were seen m the ovary of Amarardus virtdis 

The proembryo is a filament of varymg number of cells The mature 
embryo is developed from three to five apical cells of the filamentous pro- 
embryo The embryo development corresponds to what has been desenbed 
m AUemardhera and Dxgera (Joshi and Kajale, 1937) 

The mature embryo is annular in Cebma argentea, Amarardus mrtdts and 
Amut lanata. In AUmanxa nodtflora and Pupalta lappacea tho embryo agrees 
with that of Achyranthes. The suspensor is generally massive at the nucropylar 
end, except m AUmanta nodtflora and Aerua lanata, where it is unisenate 
throughout its length 

The endosperm is nuclear m the begmmng, but later it becomes completely 
cellular, except m AUemardhera In the mature seed the endosperm is left 
as a layer or two over the radicle An accumulation of the endosperm at the 
free nuclear stage at the chalazal end of the embryo sac is clearly observed m 
Celosta argentea, Amarardus vtrtdts, Pupalta lappacea and Aerua lanata 

Aokbowledombmts 

In conclusion I wish to express my heartfelt thanks to Dr A, C Joshi 
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THE DETERMINATION OP SOIL CONSTANTS AT BROADCAST AND 
ULTRA-HIGH FREQUENCIES 


By Imtiaz Ahmad Ansari, M 8e,B D Toshniwal, M 8c and 
G R TosHNiWAii, D 8c., Mem I BE , Phyaxcad Laboratory, 
University, AUahabad 

(Coinmurnoated by Prof M N Saha, F R S ) 

(Read Augxut 20, 1940 ) 

Summary. 

Soil oonstants have been determined at broadcast and oltra-high 
frequencies At broadcast frequencies two methods have been employed, 
VIZ the Colebrook and Wilmotte method and the differential transformer 
method The latter has been found to bo very simple and quite suitable foi 
the type of work undertaken The variation of soil conductivity, with 
moisture content, has been studied in both the ranges of frequencies, and it 
has been found that the conductivity at ultra-high frequency (423 Mo /see ) 
IS about 2 to 8 times (dependmg upon the moisture content) that at lower 
frequencies 

The conductivity of samples of Allahabad soils at normal moisture contents 
has been found to be of the order of 2 x 10”i* emu at broadcast frequencies 
and I 0x 10"i* e m u at 423 Mo /sec 


Intboduotion 


The knowledge gained of the electrical properties of soil is of considerable 
importance in physios and electrical engmoonng, but the development of radio 
transmission has stimulated groat mterest in the investigation of these 
propwties at higher frequencies The possibility of predioting ground wave 
field intensities has rendered snoh studies mdispensable to the radio engineer. 
It 18 particularly so m the broadcast range of frequencies where the primary 
service area can be calculated fairly accurately if the soil constants are 
known 

The mathematical expression for the ground wave field strength was 
filrst given by A Sommerfeld ^ According to this the field strength produced 
by a quarter wave antenna is given by * 


a 


.. ( 1 ) 
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where E « fidd strength in imUivolts per metre, 

P B power radiated m kilowatts, 
d Bs distance from the transmitter m metres, 

A B absorption factor and is given approximately by 


2+P+ 6p* 

p IS known as the ‘Sommerfeld numerical distance’ and is given by 

®= 936x10-1*^ . 

a 


( 2 ) 

(3) 


<7 being the conductivity of sod m electromagnetic units and / the earner 
frequency m kilocycles per second 

Equations (2) and (3) n^leot the effect of liieleotnc constant, as the 
impedance offered by the soil of good conductivity to the flow of low radio 
frequency current is pnmanly resistive The highest frequency at which this 
IS true IS given by 

155xl0i6g (4) 


where k is the dieleotnc constant of the soil 


For ordinary soil the values of a and k are of the onier of 10“i* emu 
and 10 respectively, giving / a maximum value of 1 ,600 Kc./soc , the upper 
limit of the broadcast range So that, unless the soil is very poorly conducting, 
the above formulae can be used for the entire broadcast range 
For large values of p 


A 


1 

208p 


(5) 


and the distance d at which a fleld strength i? is to be obtained is given by 


(«) 

Eqn (6) can be used for determimng the primary service area of a broadcast 
station. 

In addition to the above simplifled relationships the formulae and curves 
given by B van der Pol* and DeUinger* Committees and by Eckersley,® 
Norton * and Burrows * permit a qmck and more accurate computation of the 
ground wave field strength for all tyjies of soil as well as for sea water. 

The soil constants also enter mto the calculations of the antenna heights 
for the greatest fading-free primary range of a broadcast antenna In the 
ease of broadcast transmission fading takes place as a result of the inter- 
ference of ground wave with the sky wave. The best antenna should, therefore, 
be of such a height that the sky wave field strength for some desired distance 
may be small m comparison with that of the ground wave. Ballantine ^ 
has made a oojpputation by comparing the rdative field strengths at various 

3B 



OV SOIL OONStFANTS AT bBOALOAST ABD ULTBA-^lOH FBSQUEN0IX8 620 


diatanoes for the ground and sky wavee radiated from antennas of difierent 
heights The ground wave was computed by makmg use of Sommerfeld’s 
equation and hence involved a knowledge of the ground constants The 
curves given by him as a result of this analysis can be used to determme the 
antenna height provided the frequency and ground conductivity are known 

Owing to the enormous attenuation of the ground waves and the pre- 
dommance of sky waves at frequencies above 1,500 Ko /sec the ground con- 
stants become only of secondary importance But m the ultra-high frequency 
range (where the waves are too short to bo refracted by the ionosphere, and 
are propagated by difi^tion round the earth’s surface) a knowledge of soil 
conductivity and dielectric constant again becomes essential The formulec 
for use at ultra-lugh frequencies are too complicated to be given here and the 
curve given by van der Pol,* Norton * and Burrows ® can be used for qmck 
and accurate computation 

It IS important to note that the values of soil constants to be used m the 
above mentioned curves and formulae are average values for the area undor 
consideration When the variation ot soil constants with distance is appreciable 
this averagmg method does not yield very accurate results An attempt to 
overcome this difficulty was made by Eekorsley • who gave a method of 
‘piecing together’ attenuation curves oorrosponding to various soil con- 
ductivities But this method though more rational is incapable of yieldmg 
more accurate results 

The present paper describes laboratory measurements of soil constants 
m the broadcast range (Part I) as well as at an ultra-high frequency (Part II). 
The measurements were made with a view to determme these constants for 
Indian soils and to study their vanation with moisture content and frequency. 
Two samples of soil were tested. Sample I, which was obtamed from an open 
field in the Muir Ciolloge compound, was studied in 1938-39 and measurements 
were made both at broadcast and ultra-high frequencies for the same soil 
The values of conductivity at these frequenciee are given m Tables I and IV, 
Measurements on sample II, obtained frern a street about two furlongs from 
the previous site, were made m 1940, and the values of conductivity for this 
soil are given in Table 11. 

Mbasubsmknt of Soil C!okstants at Radio Fbbqubkot 

Soil constants have been studied either by field measurements or by 
sampling methods m the laboratories For all engmeermg use the former 
methods have the advantage of giving average values directly over the specified 
area, but these methods are always cumbersome and require considerable time 
for measurements. On the other hand, the sampling methods are quicker and 
simpler. They have the further advantage that a study of the electrical 
oonstants for different types of soils can be employed to pi^iot the constants 
for oriier areas fr»m a knowledge of their geological classification and surface 
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conditions. On account of these reasons sampling methods have been recently 
favoured by vanous investigators 

Past I 

The soil constants at the broadcast frequency range wore first determined 
by the balanced differential air transformer method in this laboratory It 
18 a very simple method and has not hitherto been utihzed for this purpose 
by any worker At the same time it has the inherent advantage over the 
customary Wheatstone bridge method requiring elaborate shielding and 
stray capacity balancmg arrangements A year later measurements of soil 
constants were also made by the Colebrook and Wilmotte method m the 
same frequency range 

The Differential Transformer Method : — 

The construction of the differential transformer and the prmciplo involved 
18 detailed m Hund’s ‘High Frequency Measurements’ (p 268, Ed 1933) 
The differential transforms consists of two exactly similar primaries 
wound m opposite directions and coupled to a secondary When the currents 
m both the primaries are equal and in the same phase, there is no current 
in the secondary In order to measure soil constants the condenser containing 
the sample of soil was connected m one of the arms of the transformer primaries 
m parallel with another air condenser of about 600^/aF capacity The 
impedance offered by this combmation was balanced by another combmation 
of resistance and condenser placed m series with the other arm of the trans- 
former primary The condenser and the resistance were kept m series when 
the sod was very dry and m pacallete when it was wet The soil constants 
were determmed from a knowledge of this resistance and capacitance The 
current in the secondary was measured by means of a crystal detector and a 
mirror galvanometer A small paraUel plate condenser of about 2 fi/t/AF 
capacity was used as the soil container. The soil was rammed mto it and 
compressed to the extent to which it is normally found m fields 

Soil conductivity for sample I was obtamed by this method at 1 Me /sec 
at different moisture contents and is given in Table I 

The Cdebrook and Wihnotte Method . — 

A brief descnption of this method is given below. — 

Two radio frequency osoillatorB A and B are adjusted to beat at some 
smtable audible frequency. To one of these, say is coupled a LO mremt 
inductively. Let us designate the capacities of this circuit and of .d by C7 
and Oa respectively. If C is varied, the frequency of A changes The 
original beat frequency is now restored by changing 0^. The variation of O 
with Oa ioi this way is illustrated by ourvea in Fig. L Each curve exhibits 
a maxima (PJ wd a mmima (Pt) The values of 0 oorreBponding to these 
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Tablb I 

8o%l conduettmly for Sample I ail Me (sec 


Percentage of moisture 

Conductivity in electro- 
magnetic units 

0 88 

1 IxlO-w 

2-0 

3-9x10-15 

60 

4 0x10-1* 

7*1 

6 3x10-1* 

93 

8 3x10-1* 

10-3 

1 1 X io-i» 

14 2 

3 0x10-1* 

14 3 

2 2x10-1* 

20 0 

7 9x10-1* 

22-2 

9 4x10-1* 

27 2 

10x10-1* 

304 

1 06x10-1* 


X)omt8 determme the resistance of L If now an impedance, such as is offered 
by a soil'fiUed condenser, be connected across C and the curve between G 
and Oji obtamed as before, the pomts Pj and Pg will be found to shift further 
apart The value of G correspondmg to Pj and P* now will give the total 
senes resistance from which the parallel resistance across G and hence the 
soil conductivity can be determmed Now if Pi and Pj are not sharply 
defined the correspondmg values of G also become relatively inaccurate. It 
was found that as the soil conductivity of a particular sample moreased due 
to an mcrease of the moisture content the curve became flatter and flatter 
(see curves obtamed for soil conductivity of 0, 10"^* and 10“i* emu. 
mFig 1) 

Although a tighter couplmg between A and the coupled curemt gives 
sharper peak pomts, yet the extent to which couplmg can be mcreased is 
limited by the appearance of an irregular variation followed by the disappearance 
of the heterodyne beats altogether Ordmanly the soils have hi^^er 
conductivity than those for which curves of Fig 1 have been drawn, so that 
even the maxinmim amount of coupling consistent with the regular behaviour 
of the oscillator does not give sharp pomts For this reason the impedance 
offered by the soil condenser has to be increased by connecting another air 
condenser in series with it. As soil conductivity increases the value of this 
capacity has to be decreased so that the pomts Pi and P* may still be deter- 
mined within feurly accurate limits 

The order of accuracy to be expected can be estimated from the fact 
that the difierenoe between the two settings Pi and Pg of the coupled circuit 
capacities could be determmed withm an uncertamty of about 3-8%. In 
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oaee the series condenser is not too small the conductivity of the soil may be 
considered to be proportional to this difference Actual measurements on 
the same sample of soil with different sones capacitance values were found 
to be consistent well within that limit Measurements on carbon resistances 
of different values, however, yield results that were within 10% (and in some 
oases 15%) of their d o. values The results obtamed for smaller resistances or 
for soils of good conductivity (of the order of about 6xl0”i> emu) were 
found to be more inaccurate than those for soils of poorer conductivity. In 
general an accuracy of about 10% may be assumed m these measurements 
Two radio fluency Dynatron oscillators further stabilised by a stage 
of ampUtude control were used m the present mvestigations A 1,000 cy^ 
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tuning fork maintained oscillator was employed as a comparison audio fre> 
quenoy source. A radio receiver was used as a detector of the heterodyne 
firequenoy The samplmg condenser, m these measurements, was a oyhndncal 
condenser of 5 7jiijuF capacity Observations were taken at 27*0. m the 
months of February and March 1940 Results obtamod at 1,100 Kc for 
sample n by this method are given below. — 


Tablb II 


Soil constants at 1,100 Kc Jsec for Sample II. 


Percentage of moisture 

Conductivity m e m u 

16% 

8-6 X 10-16 

6 3% 

8 0x10-1* 

8 2% 

2 0x10-18 

101% 

2 9x10-18 

11 6% 

3 0x10-18 

13 8% 

4 7x10-18 

23 9% 

1 lx 10-18 


Past II. 

The method employed at higher frequencies was essentially the same as 
used by Smith-Bose and McPetne^* except that a Barkhausen-Kurtz 
oscillator was employed as a source of high frequency 

The sod container was a wooden box (33*6 X 16*6 X 16 6 cm*) The 
dimensions of the box were so chosen that after fiUing it completely with 
sod, practically no change was detected on the wavelength if more soil was 
heaped over it 

The coupling between the Lecher wire and the oscillatmg circuit was 
adjusted according to the moisture content of the sod, so that the wavelength 
could be easdy measured Tight couplmg was found necessary when the 
moisture content increased beyond 16%. 

As detailed in Smith-Bose and McPetne’s paper referred to above the 
value of 



(where is the wavelength measured along the Lecher wire m air and 
in the sod) Bras determined at different moisture content^. 
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8 12 16 Id 24 29 

MOfSTUnE content% 


Txa. 2. 


A curve was drawn diowlng the relations between y and the percentage 
of moisture (Fig 2). The values obtained for y for sample I are given in 


Table m. 
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Table 111 

Wavelength tn atr A„ = 71 cm 


Percentage of 
moisture 

Wavelength m 
soil m cm 


fr60 

32 60 

4 78 

7-30 

32 30 

4 80 

7-84 

32 28 

484 

9 27 

31-80 

4 98 

11-48 

30 70 

6 36 

1180 

29 74 

6 70 

13 26 

28-66 

6-13 

14 61 

26 80 

7 02 

16 63 

23 60 

9 16 

17 22 

23 32 

9-27 

18 49 

2218 

10 26 

20-36 

21 74 

10 64 

2100 

2168 

10 84 

26 64 

2144 

10 97 


From the curve of Fig 2 it is found that y nearly equals 4 5 for very dry soil 
and then reaches more or less a constant value 11 for the soil contammg 
moisture above 24 per cent The quantity y mvolves both a and k, and 
though the determination of a and k mdividually is not possible we can 
make oertam useful deductions Measurements detailed m Part 1 show 
that the conductivity decreases very rapidly with the moisture content of the 
soil and therefore wo can take the value 4 6 as the value of k for dry soil, 
and smce k cannot have a value greater than 11 we conclude that at the 
frequency corresponding to 71 cm wavelength (423 Me /sec ) the dieleotnc 
constant must he between 4 6 and 11 up to 26 percentage of moisture m 
the soil The soil was foimd to contam on the average 17% of moisture at a 
depth of about 1 foot below the surface m the month of February (1938). 
All observations were taken at 26‘*C 

If the percentage of moisture m the soil is known, y can be easily found 
out from the curve of Fig. 2 From equation (11) of Smith'Bose and 
MoPetne’s paper we have 

107 f a / y (V”*) • • * • • C^) 

The symbols used m equation (7) have the same significance as before The 
upper limit of o is obtamed by assuming the least value of k 4*6 The 
lower limit is obtained by putting y for, as will be seen from equation 
(7), K cannot be greater than y. The probaUe value of a is a suitable value 
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selected between these limits. Table IV below shows some calculations 
based upon the above methods — 


Tablb IV 

Conductivity at 423 Me jaec for Sample I 


Moisture 

content 

y 

Probable 
value of K 

Conductivity. 

For value of k 
Col 3 

Maximum value 
of a for K B= 4 6 

6-0 

4 76 

4 68 

2 71x10-“ 

3 97x10-“ 

9-0 

50 

48 

4 7x10”“ 

66x10-“ 

11-6 

6-5 

60 

8-0x10-“ 

10 4x10-“ 

16-0 

74 

62 

14 0x10-“ 

213x10-“ 

17 0 

96 

82 

18 0X10-“ 

30 0x10-“ 

18-0 

10*1 

87 

17 6x10"“ 

36 0x10-“ 

20-0 

10 6 

9*1 

18 74x10-“ 

37 46X10-“ 

24-0 

10 9 

95 

19 0X10-“ 

38 94x10-“ 

28 0 

no 

9*6 

191X10-“ 

39 4x10-“ 


Disoussiok ov Results 

The values of conductivity given in Tables I, II and IV are plotted on a 
loganthmic paper (Fig. 3) Curves I and II give the variation of conductivity 
with moisture content for samples I and II (Tables I and II) at broadcast 
frequency. Curve III gives the probable values at the altra*high frequencies. 
The dotted curve IV has been plotted for the maximum possible value of 
conductivities as given in the last column of Table IV 

For both the samples of soil the conductivity at the broadcast range was 
found to mcrease from about 10"i“ emu for very dry soil to 10"“ emu 
for mud The mcrease in conductivity was found to bo very rapid at lower 
moisture content, but as the percentage of moisture was mcreased it was found 
to fall off, finally approaching a limiting value For normal moisture contents 
(about 17%) the conductivity of soil approaches its limitmg value so that the 
variation m conductivity for shght seasonal variations m moisture content 
of the soil is small For the same reason it is not necessary to go on diggmg 
the ground (in case it is homogeneous soil) to any great depth and detenume 
its conductivity and moisture content at differwit levels It is sufficient to 
dig only a few feet and detenume the moisture content till it becomes fairly 
constant Moreover, it is to be noted that although the variation in moisture 
content of the surface soil is considerable in certam seasons this variation 
does not affect the propagation of wireless waves, as a large percentage of the 
ounent is usually earned by the soil up to a depth of several metres and the 
moisture content of Uie soil at some depth below the soifitce does not vary 
to any great extent The normal moisture content in tl|e case of sample I was 
found to be about 17% in the iBouth of l^bruaxy. The value of conductivity 
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MOISTURE CONTENT ^ 

Fio 3. 


oorrespondiug to this percentage of moistttre (viz. 3x10““ emu) deter* 
mines the propagation of ground ware with fair approximation for all saaaons 
and time. 
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The variation of conductivity with frequency within the broadcast range 
was not great For this reason only one set of values obtained at about 

1 Mo /see has been given 

^e values of soil constants for normal moisture content (about 17%) 
were found to be about 2 x 10“i* at broadcast frequencies 

Of the two methods used at the lower frequencies the results obtained by 
the Colebrook and Wilmotte method is considered to be more accurate for well- 
known reasons But the differential transformer method is compu-atively 
simple At the same time the latter method appears to be suffloiently accurate 
A fairly sensitive galvanometer, two good air condensers, a differential trans- 
former and one radio frequency oscillator are the only major requirements 
of this method On the other hand the Colebrook and Wilmotte method 
require two radio frequency oscillators, an audio frequency source, a detector 
amplifier, and at least three good variable condrasers 

In addition to this the oscillators to be employed m this case must have 
very constant frrequency, because vanations m fi^uenoy not only mtroduce 
errors m observations but they also make it extremely difficult to take any 
observations at all This is because zero beat points between the audio 
oscillator and the heterodyne note has to be obtamed and this necessitates 
very constant frequency source In the case of a differential air transformer 
method there is of course no difficulty m taking observations oven if the 
frequency vanes within narrow limits At the same time appreciable error 
can be mtroduced m the results (except at very low moisture content) when 
the condenser and the resistances in the balanomg arm have to be kept m senes 

It IS not too much to expect that the differential transformer method can 
yield as accurate results as the other one within the limits of accuracy deter- 
mined by such factors as improper rammmg of soil, etc Measurements are 
bemg made to compare the results obtamed by the two methods for the same 
sample of soil We are, however, of the opmion, oven at this stage, that the 
differential transformer method is much simpler and sufficiently accurate for 
all radio propagation determmation 

The conductivity of soil at high frequencies (423 Mo /sec ) was found 
to mcreaso with moisture content, finally attammg a limiting value of 

2 X lO"*!* emu At lower moisture content the value of conductivity was 
found to be as much as 6 tunes that at 1 Mo /sec. This differefnce increased 
with an increase in the moisture content up to about 17%, the normal moisture 
content of the soil, when the conductivity was about 8 times as great At 
still hi^er moisture content the difference decreased and ultimately became 
only double of what it was at lower firequenoies Smith-Rose to had also 
observed that the conductivity doubled at 100 Mo /see. 

The results obtained by this method eue, howevw, inherently subject to 
considerable error, but they definit^y show that the conductivity at ultra* 
hi^ frequencies is much greater than that at lower freq\|enoies and, in general, 
^ may be oonsideced to be about 3 to 4 times as much or mme 
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Owing to the large amount of soil required for measurement m thm case 
the observations could not be taken at very low moisture cont^t, but from 
the nature of the curves it appears that the variation at lower moisture content 
will be less than that m the lower frequency range At higher moisture content 
the curve becomes flatter than what it is in tho case of low frequency range 
Smith'Bose and McPotne had also observed that the conductivity 
moisture content curve showed a discontinuity at about 14 to 16% moisture, 
and this they attributed to some sort of resonance phenomenon No such 
resonance effect was, howevei, observed in tho present investigation 

The present work is a preliminary to a mure extended investigation m 
which it 18 proposed to determine the soil constants at broadcast and ultra* 
high frequencies at different moisture contente A study of the variation of 
conductivity with temperature will also be made and representative samples 
from different localities in India will be tested 

Our thanks are due to Prof S Bhargava, the Head of the Physios 
Department, for the flioihties he gave us 


ItUTKaBHOBS 

1 A Sommerfeld On the Distribution of WirolesB Waves Ann der Phy » , 28, 606, 
1609, 81, 1135, 1026 

* K A Norton Propagation of Wireless Waves Proe I B K., 24, 1367, 1936 
a Madrid Gonferonoe Document No 383 

Proe I RE, 21, 906, 1033. 

Keport on Oommittoe of Hodio Propagation Proe. 1 B E ,26, 1193, 1938 

* Report on Oommittee of Radio Propagation Data Proe I BE , 21, 1419, 1033. 
a P. P Bukeroley Calculation of the Service Area of Broadcast Stations. Proe 

IBM, 18, 1100, 1930 

a 0 B Burrows' Radio Propagation over Plane Earth 8yot TJ , 16, 46, 
1937 

f S Ballentme. High Quohty Radio Broadcasting, 22, 504, 1034 
a K A Norton Propagation of Waves Proe IRE, 25, 1102, 1037 See also 
reference 2 

* P P Ikikeraley The Calculation of the Service Area of Broadcast Stations Proe 

I.BM., 18, 1160, 1930 

la R L. Smith-Rose: Bleotncal Measurements on Soil with Alternating Currents. 
Jowm. IMM , 75, 221, 1934 

II F. M. Colebrook and R M. Wilmotte. A new Method of Measurement of Resistance 
and Reaotanoe at Radio Frequencies. Jowm I.EJS , 69, 497, 1931. 
la J, Qroszkowski Oscillators with Automatic Control at the Threshold of Oscillations 
iVoo. JJ{E.,22, 146, 1034. 

la R, L. Smith-Rose and J S. McPetne Measurement of Eleotno Constant of Soil 
by a Lecher- Wire Method at a wave-length of 1 6 M. Proe, I,RM., 46, 649, 1934 
14 H. Barkhausen and K Kurts; Phy». Ztntoehrift, 21, 1, 1920. Also B. C S. Magaw 
Eleotronio Oscillations. Jowm, IJE B., 72, 818, 1083. 
la R L. Smith-Rose: The Electrical Properties of Soil at Frequencies up to 100 
Mo /sec. Proe. Phyt. 8oe., 47, 923, 1635. 




THE NITRATION AND HALOGENATION OF 8, METHOXY- AND 
8, HYDROXY-COUMABINS 


By B B Dhy and Miss V Ammalu Kum 


{Read August 20, 1940 ) 


The subject of the investigation arose originally in connection with 
attempts to define precisely the relative jioaitions of the methoxyl groups 
and the iso>pentane-diol side chain in the molecule ol Toddalo-laotono, vihich 
had been isolated from Toddalia Aeuleata and investigated in this laboratory 
some time ago (Dey and Filial, Arch Pharm , 271, 1933, 471, and Arch Pharm , 
273, 1936, 223, Spalh, Dey and Tyraj, Ber , II, 71, 1938, pp 1826-1830, 
and Ber , 11, 72, 1939, pp 63-66) 

One of the methoxyl groups was supposed to occupy position 8, on 
account of the rather stable character of the (oumannic acid (cm) denved 
from Toddalo-lactone (Dey and Filial, Arch Pharm , 273, 1936, 223), and one 
of the schemes which wore drawn up for attackmg the problem of its structure 
was that of the syntheses of several dimethoxy-coumann-carboxylic aeids 
startmg from 8, mothoxy-ooumann, and the possible identification of one 
of these with that resulting from the oxidation of the side chain in Toddalo* 
lactone. 

Although the mam purpose with which the investigation was commenced 
has not been realised, and the underlying idea itself, namely, that one of the 
methoxyl groups was m position 8, has been shown to be incorrect (Sp&th, 
Dey and Tyray, loc at.), the results obtamed in the meantime from an 
investigation of the products of miration and halogonation of 8, methoxy- 
ooumarm, 8, hydroxy-ooumann and 8, methoxy-coumann-3, oarboxyho 
acid, which are embodied m this commumoation have provided materials 
of considerable interest for a general study of the problem of onentation in 
the coumann nng. 

8, methoxy-ooumann (Noelting, Bull 8oc Ind Mvlhouse, 70, 1909, 
401-430, Rupp and Linck, Arch Pharm , 263, 1916, 241), required for these 
investigations, was prepared mainly from ortho-vanilhn by the application 
of Perkin’s method, thus — 


OCHs 

0 OH CHaOOONa 
CHO(CH.CO)t() 


0CH,0 



OCH, 


» a 

iOH 


ICH-CH 


(1) (XI) 
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CooBiderable quantities of the corresponding cinnamic acid (11) mp 
176°, (methyl ester, m p 106°), were also obtamed in this process The forma* 
tion of this aoid, which is always found to accompany the ooumann, does not 
appear to have been observed either by Noeltmg or by Rupp and Lmck 

The aoid has apparently the <ran«-formula and cannot be readily converted 
into the ooumann As the final yield of the ooumann was substantially 
reduced on account of the formation of this acid, attempts were made to 
obtain the ooumann by the process of deoarboxylation of 8, methoxy-ooumarm- 
3, carboxylic acid (III) which could l>e prepared in a quantitative yield &om 
the condensation of ortho-vamllin with ethyl malonate in the presence of 
pipendme (Perkin and Bobmson, JOS, 1914, 2382), thus — 



The decarboxylation, which was carried out with copper powder and sand, 
proceeded, however, with partial decomposition thus diminishing the final 
yield of the coumann to about the same as that obtamed by the other process 

The mtration of 8, methoxy-coumann was earned out under different 
conditions Low temperature usually gave an impure product, the mono* 
mtro-product, (IV), m p 206°, being obtamed almost exclusively on treating 
the ooumarin with a mixture of concentrated sulphuno acid and fummg nitno 
acid at a temperature of 30°-40° 

The determination of the position of the mtro*group m this new compound 
presented an mteresting problem, in the solution of which several unforeseen 
difBioultiee wefe encountered. 

That the mtro*group had not entered the pyrone npg was proved by the 
behaviour of the compound with boiling alkali, a OM-nitro*oinnamio acid readily 
c h a ngin g into the original compound being formed. 3, nitro'ooumarins are 
known to be readily broken down in this reaction, first inta mtro-styrene 
derivatives and then into salicyl-aldehydes, thus: — 
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The nitration of ooumarin itself had been known to proceed in the 
first place with the exclusive substitution of position-6 (of Delande, Annalen, 
45, 1848, 337, Bleibtreu, Annalen, 96, 1856, 262; Tage, Ber , 20, 1887, 2110; 
Morgan, JC 8 , 85, 1904, 1233; Francis, Ber , 39, 1906, 3803), but careful 
repetition of the work revealed the formation also of small amounts of 8, 
nitro-coumann in the process (Dey and Enshnamurthi, J 10 S , 1927, 1977) 
On further nitration, the 6, 8, dimtro* and finally the 3, 6, 8, tnmtro- 
ooumanns are formed (of. Clayton, JOS, 1910, 1397), thus. — 



If nitration hml proceeded similarly to that m the unsubstituted ooumann, 
the new derivative should bo considered to be 6, nitro-8, methoxy-ooumarin 
(V). The synthesis of 6, nitro>8, methoxy-oonmarm was readily acoompUsbed, 
staring ficom 6, nitro*ortho>vamllm (Vl), the position of tiie nitio>gronp in 
the latter having been definitdy established by Davies {J.O.8., 1923, 1678). 

4 
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6, BitTO-8, methoxy-ooumann (V) melted at 206** which was very nearly 
the same as the meltmg point of IV, but smce a mixture of the two melted 
mdefimtely between 170-00", they were presumed to be different This 
presumption was shown to be correct by reduomg IV and V to the corres- 
ponding ammes, X and XJ, and preparing therefrom, by diazo-transformations, 
vanous derivatives which were all found to be different 

Moreover, two distmct qumaldmo-pyrones, XII and XIII, were prepared 
from the two isomeric ammo-8, methoxy-coumanns, X and XI, by the process 
of Doebner and Miller, thus* — 


OCH. 



(V) (XI) (xni) 

(Qumaldmo-6, 6-a, pyrone ) 



(Qui n a l dino-7, 8-a, pyrone ) 
The following table containing a statement of the melting pomts of the 
various denvatives of the two isomeno nitro-ooumanns brings out their 
differences very clearly* — 



(By nitration of 8, methoxy- (By Fbrkin's Efynthesesfrom 

oonmarin.) 5, nitoomrtho-yanillin.) 

4 » 
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By Nitration of 8, methosy-ooiimarm 

By Perkm's Syntheses from 

6, nitro-ortho-vamlhn 


GOKPOUND 

MP. 

CoiirouNo 

MP. 

Mnezo MP. 

(t) Nitro-8, methoxy. 

ooumariu 

206“ 

6. nitro-8, methoxy 
ooumann 

206“ 

170-180“ 

„ AmmO'8, methoxy- 
coumarm 

166“ 

ammo methoxy- 

ooumarm 

167“ 

130-148“ 

„ Acetyl-anunu-8, me- 
thoxy coumarm 

266“ 

6, acetyl ammo, 8, 
methoxy -coutnarm 

241“ 

216-246“ 

„ Piorate 

180“ 

Piorate 

228“ 

168-200“ 

„ Chloro-8, methoxy- 
ooumarin 

182“ 

6, ohloro-8, methoxy 
coumarm 

122“ 

120-180“ 

„ BromO'8, mothoxy- 
coumATin 

168“ 

6, bromo-S, methoxy- 
coumarm 

110“ 

106-160“ 

„ Quinaldmo pyrone 

217“ 

Quinaldmo pyrone 

247“ 

176-200“ 


The foregoing observations definitely established the fact that the nitro- 
group had entered a position other than 6. The methoxyl group in 8, position 
must therefore bo considered to have an important influence m overcoming 
the usual effect of the pyrone nng m direotmg the nitro-group to the position 6 
Not a trace of the latter could be detected 

Two places, viz. 6 or 7, thus become possible for the newly entering mtro- 
group, the alternative structures being as follows; — 


OCHaO 




and a final choice between these appeared to be possible through the synthesis 


of 6, nitro-ortho-vanillin. 



It has been observed that although ortho* vanillin itself gives on direct 
nitration only the 6, nitro-derivative (VI), its methylation pnduot, ortho- 
▼eratrio ald^yde, gives a mixture of the 5, (Vll), and the 6, nitro-derivatives 
(VIII), a separation between which is possible by taking advantage of the 
difference m solubilities of their para*toluidil derivatives (of. Cain and Simonsen, 
JpiSf., m, 1914, 169; Robinson, JO 3., 1914, 2382; Davies, J.OJ3., 1928, 
1676; POikin and Robinson, J.O 8 , 1924, 2366) The reactions are explained 
by the following scheme;—' 
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The 0, mtio-ortho*veratnc aldehyde (VllI) was prepared in this manner 
m a yield of 4 grams, starting from 10 grams of ortho-reratrio aldehyde 
The demethylation of the methoxy groups in the 6, nitio-ortho*veratrlo 
aldehyde by the usual methods proved, however, to be ezoeedingly diffioult, 
only resinous products being obtained in the attempts. 

An indirect solution of the jnobkm was then sought in the preparation 
by Robertson and Cantor’s method {J08 , 1932, 1181) of the eortesponding 
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iutro>2, 3, dime^hoxy-oinnamio aoid from (IV), and the oompanson of the 
resnlting prodaot with that obtained from 6, nitro-ortho-v’eratno aldehyde 

(vni). 

This was done, but the products obtained by the two methods were 
found to be difierent While the 6, mtro*2, 3, dimethoxy-omnamio acid 
(XV), which was prepared m excellent 3neld from 0, mtro-ortho-veratric 
aldehyde by heating with malomc acid and pipendme, melted at 220°, the 
isomeno mtro-2, 3, dimethoxy-oinnamio aoid (XIV) prepared from (IV) melted 
at 140°. Although the possibihty of these being stereoisomers of the cts- 
frons-type was not excluded, the difference between the two was presumed at 
first to be due to a difference in the position of the nitro-group, because the 
nsual methods of conversion of cM-(mnA-isomers by illumination with sunlight, 
by subjecting to ultraviolet radiation, or by heat failed to bring about any 
perceptible change m the two nitro-oinnamic acids The presumption seemed, 
therefore, to be reasonable that the nitration of 8, methoxy-coumann had led 
to the occupation by the nitro-group of the only remaining alternative position, 
VIZ position 7, m the coumann ring 

It was hoped at first that a satisfactory proof of the vahdity of these 
conclusions could be obtamed by prepanng from this nitro-body, successively, 
the ammo-, the hydroxy* and the methoxy-derivatives, the last-mentioned 
product being identifiable with the known Daphnetm dimethyl ether, m p 
110° {Ing Jahresbenchle, 1884, 1780), thus. — 



Unexpected experimental difficulties were again encountered here 
Attempts to replace the NH|*group by OH by diazotisation did not succeed, 
atthoi^ the replacement by chlonne and bromme had previoudy been accom- 
plished with ease. The experimental details were modified in several ways 
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bnt without Buoceas, a high melting, amorphous and coloured product oontahaing 
nitrogen and soluble in alkali bemg mvanably obtamed The product is 
believed to be of the nature of a hydroxy-azo-coumarin, but it was not exammed 
further. A similar observation has been recorded by Bignelli (Qaxt , 27, II, 
1899, 347-367) who experienced great difficulty m diazotismg an amino*6, 
methoxy>coumanii 

The third method of attacking the problem which suggested itself was to 
prepare the 4, mtro-ortho-vaniUin (XVI) and then to synthesise therefrom the 
7, mtro, 8, methoxy-ooumann (XVII) It is well known that aoylated phenoho 
groups generally ^ve a dominant meta-orienting influence, as is illustrated 
by the familiar examples of substitutions m ortho* and para-alkyloxy-phenyl 
esters which arc completely controlled by the alkyloxy-group 

It was therefore considered possible to direct the mtro-group mto the 4, 
position by starting not with ortho-vamllm, but with ortho-vanillin acetate, 
thus: — 



(XVI) 


The mtration of ortho-vaniUm acetate proceeded smoothly when small 
quantities were used and the temperature was maintained low, yielding a 
mono*nitro product which was hydrolysed by alkah or even by standing in 
contact with water for a day, into a mtro-ortho-vanillin, mp. 92®, (XVI), 
which was isomene with but different from 6, rntro-ortho-vaniUm, m p 142® 

The methylation of this gave a low melting methyl ether which remained 
liqmd at the ordinary room temperature (30®) and was quite distmot m pro- 
perties from 6, nitro- and 6, nitro-ortho-veratnc aldehydes Moreover, it did 
not form an mdigo denvative on treatment with acetone and alkah, which is a 
characteristic reaction for 6, nitro-ortho-veratnc aldehyde and other ortho- 
nitro-benzaldehydes 

It may be mentioned m this connection that Davies (J.O 8 , 1923, 1575) 
faded in his attempts to mtrate ortho-vanillin acetate. It is probable that 
the fadure was caused by Ids working with rather large quantities, for it has 
been observed that the mtration proceeds smoothly only when small quantities 
(about 2-3 grams) were employed, whereas with larger quantities the process 
was difficult to control and oxidation as well as nitration occurred 
simultaneously. By the usual method of condensation with malonic acid, 
the 4, mtro-ortho-vandhn methyl ether (XVIII) was converted into a cinnamic 
amd (XIX), m p 198®, which was found to be different from the two cinnamic 
acids obtained respectively from 6, and 6, nitro^ho-veratnc aldehydes (of. 
Bubenstein, loc eU ; Perkin and Robinson, loe. eii.). 
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The three possible isomeno mtro-2, 3, dimethoxy benzaldehydes and the 
corresponding oinnamio acids have thus all been prepared: — 



(vni) 


OCH, 

O OCH, 
CHO 

(VII) 


6, Nitro-o- 


Veratno aldehyde 


5, 


Nitro-o- 


Vemtno aldehyde 



CH-COOH 


(XV) 


OCHa 

|Aoch, 

NOal JcH = CH-COOH 


M P.228'’ 
(IX) 


OCHa 

NOar^OCHa 




ICHO 


(xvni) 

4, Nitro-o- Veratrio aldehyde 
OCHa 

NOa^OCHa 

IJcH * CH-COOH 
MP 198” 

(XIX) 


The 4, litro-ortho-vamllin was finally converted by the Knoevenagel 
reaction (ethyl malonate and piperidine) into 7, nitro-8, methoxy>coumarin>3, 
oarbozylio ester (XX), m p. 146, which was hydrolysed to the corresponding 
add (XXI), m.p 143”, and the' latter decarbozylated to 7, nitro-8, methozy* 
conmarin (XVII), m.p 164”, which differed from the 6, nitro^, methoay* 
ooumarin (V), as well as from the 5 ( t), nitro-8, methozy-coumarin (IV) 
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It Will be seen that all the possible laomeno monoiutro>8, methozy* 
ooumarms have been synthesised, and the positions (6 and 7) of the mtrO' 
group m two of these have been established beyond doubt There remains 
thus only one possible position, viz , position 6 for the nitro'group m the third 
compound, i e , that obtamed by the direct nitration of 8, methozy-ooumarm 
The ounous difference, however, between the 2, 3, dimethoxy-6, nitro< 
omnamio acid, m p 140^ (XIV), obtamed from what is now known to be 6, 
mtro-8, methozy-ooumarm by Canter and Robertson’s method (foe ai ) and 
that, mp 220** (XV), obtamed from 6, mtro-ortho-veratno aldehyde by 
Ferkm’s process still remained to be explained In the light of the evidence 
adduced above, the difference could only be accounted for as one of sforso- 
Momerism, and this view has ultimately been proved to be correct by con- 
verting both of these mto the same derivatives Thus, on reduction with 
sodium amalgam, the two different nitro-2, 3-dimethozy-cmnamio acids (m ps 
140" and 220") were converted into the same 6, 6, djmethoxy-3, 4-dihydTo- 
carbostynl (XXII), mp 174", the reaction proceeding in the folbwing 
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Similarly, on a careful oxidation with potasaium permanganate m cold sodium 
carbonate solution, both the cinnamic acids yielded the same aldehyde which 
WM proved by the melting pomt and mixed melting point methods, and also 
by the formation of the indigo derivative to be 6, nitro-ortho-veratno aldehyde, 
thus — 



(Indigo-denvative) 


In the hdogenation of 8, methoxy-coumonn, too, the same influences 
are found to be at work as m nitration In contrast with the usual rule of 
the halogen entering the pyrone nng in the flrst place and then the 6, and 
the 8 positions in the benzene ring, it is found that the direct halogenation of 
8-methoxy coumarin proceeds with substitution exclusively m the benzene 
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ring, not a trace of a pyrone-aubatitution product beuig detected by the usual 
reaction with boding alkah The position taken up by the halogen atoms was 
readdy fixed by the identity of the products with those obtamed from 5, 
nitro, 8, methoxy-ooumann (IV) by reduction to the amine (X) followed by 
tho diazo-replacement of the ammo group by chlorine and bromine atoms. 
The halogenation of 8, methoxy-ooumarm proceeds, therefore, similarly to 
nitration with the formation of 5, chloro* and bromo-compounds 

The influence of the 8, methoxyl group in controlling the entrance of a 
mtro-group or a halogen atom exclusively into position 5 m the ooumarm 
nng raises the interesting question of how a hydroxyl group m the same position 
(8) might influence these processes of substitution 

Bizzari (Gozz , 15, 1855, 34) claims to have prepared 8, hydroxy-coumarm 
as a crystalline substance melting at 280“-286° by the condensation of catechol 
and mahe acid m the presence of concentrated sulphuric acid Careful repeti* 
tion of the work faded to give the desired product, small amounts of a dark 
amorphous product, which could not be purified, being invariably obtained 
Tho desired compound (XXV) was, however, readdy prepared in a pure state 
from 8, methoxy-ooumarm by domethylation with hydrobromio acid It 
ipelted sharply at 156“ and was reconverted by methylation with methyl 
iodide and sdver oxide into the ongmal compound, mp 80“ Bizzain’s 
product, m p 280-285“, is, therefore, obviously not 8, hydroxy-coumarm 

A mono-nitro-product melting at 222“ could be obtamed without difficulty 
from tho 8, hydroxy-coumarm by working at a low temperature (ice) and 
using a mixture of concentrated sulphuno acid and mtrio acids. Methylation 
of this hydroxy mtro-ooumann (XXVI) yielded a mtro-8, methoxy-coumann 
which melted at 166“ It was thus found to be different from the nitration 
product of 8, methoxy-coumann (IV) but identical with the 7, nitro-8, methoxy- 
coumann (XVII) prepared previously from 4, mtro-ortho-vamllin 



(xvn) 
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The interesting point that emerges from these studies is that the methoxy- 
and the hydroxy-groups m position 8 in the ooumarm nng direct a newly 
entenng mtro-group to positions 5 and 7 respectively. 

‘RyPIBUTMUr MT A T. 

8, meUu>xy-<soutnarin (I) 

The following conditions were worked out for obtaining the best yield of 
the coumarin * 

Ortho-vamlhn (20 g ), fmhly fused sodium acetate (16 g ) and acetic 
anhydnde (35 g ) were refluxed for 17 hours at 180“-200® by heatmg m an 
electric bath The product of reaction was poured into crushed ice, when a 
semi-solid product separated The aqueous layer was decanted and the solid 
was washed with distilled water and quickly stirred with sodium hydroxide 
(20 CO of 5%) and Altered, the aoidio mtermediate product being taken up 
by the alkali (A) The residue was dissolved m alcohol (160 o o ), treated with 
nont charcoal, boded and concentrated to about a third of its volume, filtered 
and kept overnight in ice when 8, methoxy-ooumarin separated in needles 
After filtration, the residue was crystallised from water, when pure 8, methoxy- 
coumann was obtained The alcohohc filtrate was dduted with water and the 
od which separated deposited crystals of 8, methoxy-ooumann on boding with 
water, filtering and coolmg The od which remained was agam boded with the 
mother liquor, filtered and cooled and the process repeated till no more of 8, 
methoxy-coumarin could be separated M P. 89® Yield, 13 grams 

3, inelhoxy‘2, hydroxy-ctnnamxc aetd (II) 

The alkah solution (A), on acidification with dilute hydrochloric acid, gave 
a voluminous precipitate It was filtered and dried. MP 176® Yield, 
1*6 grams 

0-1128 g of the acid gave 0 2667 g CO* and 0 0632 g H,0 
Found. C, 61-83; H, 6-24 per cent 
C10H10O4 requires C, 61-86, H, 6-16 per cent 

The methyl ester was prepared by saturating an absolute methanol solution 
of the acid (1 g ) with dry HCl gas White needles M P 106® Yield, 
0-8 gram. 

0-01101 g of the ester gave 0-2658 g CO* and 0 0598 g of water 
Found C, 63-26 ; H, 6 00 per cent 
C11H11O4 requires 0, 63-46, H, 6 77 per cent 

8, meihoxy-eoumarin 8, earboxyhe ester. 

The method described by Robinson {loe. ett ) was adopted with slight 
modifications for preparing this compound 

7-5 grams of i^e pure crystallised compound, m p 96®, were obtamed 
from 8 grams of Qrth6*vaiiillm, 12 grams of malonio ester and 10 drops of 
piperidine. 
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8 , methoxy-cournann 3, carboxylte acid (HI). 

The ester (2 g ) was refluxed with 2N sodium hydroxide (20 o o.) for one 
hour on the bare flame When the ody layer liad completely disappeared, the 
red solution was cooled and acidified with dilute HCn The acid which separated 
orystalliBed as white needles from alcohol M P. 210** Yield, 1*9 grams 

Pnparaiion of 8, meihoxy-tmmarxn hy decarboxylalton of 8, meOuxcy-coumann- 
3, carboxylic oetd. 

8 , methoxy-ooumann-3, carboxyho acid (1 g ) was intimately mixed with 
a mixture of sand (2 g ) and copper powder (2 g ) and heated on the bare 
flame until there was a copious evolution of white fumes The heating was 
then stopped and the reaction was allowed to complete by itself After the 
reaction mixture was allowed to cool, it was extracted with absolute alcohol 
and on removing the solvent by distillation, 8 , methoxy-coumann was left 
as a residue On crystallising from water it melted sharply at 89“ Yield, 
0‘5 gram 

When used m large quantities, the reaction was found to give nse to 
decomposition products thus reducing the yield considerably 

6 , nitro-B, meihoxy-coumann (IV) 

8 , methoxy-coumarin (10 g ) was dissolved in glacial acetic acid (16 c c ), 
and a mixture of fuming mtnc acid (6 6 c c ) and glacial acetic acid (4 c c ) 
was added drop by drop No rise in temperature was noticed but when 
concentrated sulphuric acid (10 c o ) was added drop by drop there was 
a gradual nse m temperature The mixture was cooled in running water 
The pale yellow sohd which separated on standmg was filtered, washed with 
plenty of water and dried M P 196-200“ It was crystaUised from glacial 
acetic acid from which it separated as long yellow needles M P 206“ The 
mother hquor on pouring into water gave a further quantity of the mtrated 
product M P 206“ Yield, 7 6 grams 

0 01664 g of the substance gave 0*92 o o of mtrogen at 33“ and 768 mm 

Pound N, 6*23 per cent 

CX 0 H 7 OSN requmes N, 6*3 per cent 

0*0236 g of the substance gave 0*04669 g COt and 0*00666 g HgO 

Found. C, 64*18, H, 3 1 per cent 

C 10 H 7 O 5 N requires C, 64*29, H, 3*16 per cent. 

5, antino^B, methoxy-coumann (X) 

A mixture of 5, nitro- 8 , methoxy-coumann (2*6 g ), pure anhydrous 
stannous chlonde (6 g ), granulated tm (6 g ), alcohol (6 c.o.) and concentrated 
HCl (26 c 0 .) was kept overnight m a stoppered bottle at the room temperature 
The next day the reaction mixture was shaken in the nreohanical shaker 
for 6 hours. The yellow solid was then allowed to settle, filtered, washed 
with distilled water and dried on a porous plate m the vacuum desiccator. 
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It was mixed intiinately with double the quantity by weight of a mixture of 
anhydrous sodium carbonate and crystallised sodium acetate, and extracted 
with benzene m a Soxhlet apparatus The solid left behind on distilhng off the 
solvent was crystallised from alcohol wliich deposited yellow needles M P 
166“ Yield, 0*95 gram 

0 1074 g. of the substance gave 6 68 o o of nitrogen at 33“ and 766*6 mm 
Found: N, 6*02 per cent. 

C10H9O8N requires N, 7*31 per cent. 

The acetyl derivative was obtamed by rubbmg the amine with acetic 
anhydnde, adding a little ice water and recrystalliamg the product from alcohol 
MP 266“. 

0 02047 g of the substance gave 1*2937 c c of nitrogen at 34“ and 760*6 mm 
Found. N, 6 14 per cent 
C18HJ1O4N requires N, 6*0 per cent. 

The hydrochloride was prepared by dissolving the amme in hot concentrated 
HCl and allowmg it to cool gradually Long needle-shaped crystals of the 
hydrochloride separated. M P 205“ 

0 1920 g of the substance gave 0 1194 g. of AgCl 
Found, d, 15*39 per cent 
CioHgOsClN requires d, 16 67 per cent 

The pierate, obtamed m the usual way by dissolving the amine in Hd 
by wanning and adding a cold saturated solution of picnc acid, crystallised 
from alcohol as yellow rectangular plates M P 179-180“ 

0*02346 g of the substance gave 2*74 0 0 of nitrogen at 31“ and 762 mm 
Found N, 13 2 per cent 
CieHi80]oN4 requires N, 13*33 per cent. 


6, dUoro-8, methoxy«»mar%n 

A solution of 5, ammo-8, methoxy-coumarm (2 g ) m 4N Hd (20 0.0.) 
was cooled to 0“ m ice and diazotised with a solution of sodium nitnte (*7 g ) 
in water (10 o.c.). After standmg m the ice-bath for half an hour, the cold 
diazotised solution was added from a separating funnel to an ice cold solution 
of cuprous chloride (2*2 g.) m strong Hd (15 c.c ) The mixture was stirred 
for a few mmutes and then gradually heated on the water-bath until effer- 
vescence ceased The precipitate obtamed on coolmg was filtered, washed 
with N/10 andinm hydroxide and water, dried and extracted with the minimum 
quantity of boiling alcohol The alcoholic solution on cooling gave white 
silky needles. M.P. 182“ Yield, 1*2 grams 

0*2014 g. of the substance gave 0*1352 g of Agd 
Found: d, 16*62 per cent. 

CioHfOsd requires d, 16*87 per cent. 
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5, hromo-%, meOuMey-ccmmann 

A solution of 5, amino-8, mothoxy-coumorin (2 g ) in HBr (20 o o ) was 
cooled to 0° and diazotised with a cold solution of sodium mtnte (*7 g ) in 
water (10 o o ) After standing for h^f an hour, the cold diazotised solution 
was added from a separating funnel to an ice-oold solution of ouprous bromide 
(2 g ) m HBr (16 o o ) The mixture was stirred for some tune and then 
gradually warmed on the water-bath until effervescence ceased The pre* 
cipitate obtamod on cooling was filtered, dried and extracted with alcohol. 
The solvent was distilled off and the residue crystallised from alcohol as 
rhombic plates M P 166“ Yield, -8 gram 

0'2133g of the substance gave 0*1582 g ofAgBr. 

Found Br, 31*66 per cent 

CxoHyOsBr requires Br, 31*35 per cent 

5, cyano-%, methoxy^omumn 

This compound was prepared by treatmg the diazotised amine (4 g ) 
with a solution of cuprous cyanide (KCN, 4 g , oiystalhsed copper sulphate 
3*5 g , and water 20 o.o ) at 60“ The mixture was heated at 100“ for an hour 
The sohd collected was extracted repeatedly with boiling rectified spirit The 
solvent was distilled off and two crystallisations of the residue from alcohol 
furnished the cyano compound as fine colourless needles M P 175“ Yield, 
1*1 grams 

0*1030 g. of the substance gave 6*6 c c. of mtrogen at 31“ and 766*5 mm. 

Found: K, 6*95 per cent. 

C11H7O8N requires N, 6*916 per cent. 

QuincUdtno-7, 8-ci^pyrone (XII) 

A mixture of 6, amino-8, methoxy-coumarm (4 g) and faming HCl 
(2*5 0 0 ) was cooled m ice, saturated with HCl and left overnight. The dark 
viscous product was heated on an oil-bath for 3 hours to a temperature of 
130-140“. It was cooled and extracted with small quantities of boiling water. 
The combined extracts were cooled m ice and made alkaline with sodium 
bicarbonate. The yellow flocculent precipitate was filtered and dned This 
was dissolved in boilmg water and a few drops of alcohol The solution on 
cooling gave a white precipitate which was filtered and dried It separated 
from alcohol as white crystals M P 217*218“. Yield, 0*19 gram. 

0*(M2459 g of the substance gave 1*18 0 o. of nitrogen at 760 mm. and 
at30“C. 

Found: N, 6*04 per cent. 

C14H11O8N requires N, 6*81 per cent. 

Attempts to oxidm the 6, n4ro*8, midOwxy^amimw, 

6, iiitro-8, methozy-ooumarin (2 g.) was dissolved in the miniTnnm amount 
of caustic soda (N/10). Normal a<{ueous pemumganate was added to the 
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solution with .vigorous shaking after each addition. The permanganate was 
reduced rapidly The solution was wanned on the water-bath and the addition 
of the permanganate was oontmuod until a permanent pink colour was noticed 
The solution was filtered from manganese dioxide and the filtrate was cleared 
by pasamg sulphur dioxide Nothing separated out even on oonoentratmg 
the solution It was evaporated completely to dryness and extracted first 
with alcohol and then with benzene Nothing was taken up by either benzene 
or alcohol. The same experiment was repeated m the cold, sulphur dioxide 
being passed without the precipitate of manganese dioxide bemg filtered off 
The white sohd which separated out completely dissolved on boiling with 
concentrated HCl and on ooohng the clear solution a white ciystallme substance 
melting at 106° was obtained. This substance was identified as oxaho acid. 
Yield, 1 9 grams 

The mother liquor was evaporated to dryness and extracted with both 
alcohol and benzene, but on distillation of the solvent no residue was left 

The same oxidation was earned out m acetone medium but without 
success 


Action of aUcait on 6, nttro~8, methoxy-coumann 

6, mtro*8, methoxy-coumann (1 g ) was dissolved m sodium hydroxide 
(20 0 0 ) and boiled for half an hour The red solution on acidification gave 
the unchanged material meltmg at 206°. 

6, nUro-2, 3, dimcihoxy-cinnamie acid (XIV) 

For the preparation of this compound the method adopted by Robertson 
and Cantor (loe. oU ) was employed 

6, mtro-8, methoxy-coumann (4 g ) m methanol (30 o o ) and 20% sodium 
hyroxide (20 o.o ) was refiuxed till the fission of the pyrone ring was complete 
as shown by the dear liquid not givmg any precipitate on dilution The warm 
solution was agitated with methyl sulphate (80 g ) and 20% sodium hydroxide 
(16 0 . 0 ). The reaction mixture was kept undisturbed and allowed to cool. 
It was Stored from meohamcal impunties and acidified with dilute HCl The 
greyish precipitate was filtered, dned and orystaUised from alcohol. Pale 
yellow needles. MP 140°. Yield, 4 grams 

0*1004 g of the acid gave 6 o o. of nitrogen at 31°C and 766 26 mm 
Found: N, 6*62 per cent. 

requires N, 6*64 per cent. 

The silveir salt of the aoid was prepared and analysed. 0*1860 g of the 
rilver salt gave on igmtion 0*0660 g. of silver The equivalent weight of the 
. aoid » 268*08. 

CiiHiiO«N requires M W , 263 
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Aeiwn of sunlight on the einnamtc aad 

The cinnamio aoid (0'6 g.) was dissolved in ohloxofonn and exjioBed to 
direct sunlight in a quartz fla^dc for 12 hours. On removing the solvent, the 
urchanged acid was recovered 

Effect of heat on the cumcm%e acid. 

The cinnamic acid (0*1 g ) was heated m a test tube m a sulphuno acid* 
bath to 100**. The acid melted and was kept at this temperature for an hour 
On cooling, the sohdified product was scraped off and crystallised from glacuU 
acetic acid M P 140** Thus only unchanged material was recovered 

6 , ntiro-ortho-vantUtn (VI) 

OrthO'Vanillin (30 g ) was dissolved m glacial acetic acid (120 c c ) and 
concentrated nitno acid (16 o o ) was added drop by drop The reaction 
mixture was well cooled by means of ice and salt There was considerable 
evolution of heat, but the temperature was always k^t below 6 **. The yellow 
mtrated product which separated on standmg was filtered, washed weU with 
water, and crystallised from glacial acetic aoid The mother hquor on the 
addition of water gave a further quantity of the 5, mtro-ortho-vanillm which 
separated from glacial acetic aoid as long yellow needles. M.P 142** Yield, 
31*6 grams. 

6 , nitro-B, methoxy-coumann (V) 

6 , mtrO'Ortho'Vanilhn (12 g ), pure acetic anhydride (18 g ) and freshly 
fused sodium acetate (8 g ) were r^uxed oontmuously for 17 hours at a 
temperature of 180-200*’ with the exclusion of moisture The clear liquid 
was poured mto crushed ice and the solid collected was filtered, washed with 
water and 6 % sodium bicarbonate and finally with ether. Two orystaUisations 
from glacial acetic acid furnished famtly brown needle-shaped oiystalB of 6 , 
nitro- 8 , methoxy-ooumann melting at 203** Yield, 6*6 grams. 

0*03239 g of the substance gave 1*83768 g. of nitrogen at 84** and 760 mm. 
Found. N, 6*46 per cent. 

C 10 H 7 O 5 N requires N, 6*3 per cent 

0*01666 g of the substance gave 0*03106 g COg and 0*00437 g. HgO. 
Found* C, 64*12; H, 8*10 per cent. 

CioH 70 gN requires C, 64*29; H, 3*16 per cent. 

6 , am%no-Bt methoxy-ooumarin (XI). 

6 , nitro- 8 , methoxy-ooumarin ( 2*6 g) was mixed well with anhydrous 
stannous chloride (6 g ), granulated tin (6 g.), alcohol (6 o.c.) and ooncmitrated 
HCl (26 0 . 0 .) and kept overnight m a stopper^ bottle at the room temperature. 
The next day it wa«^%haken in the mechamoal stirrer for 6 hours. The solid 
was allowed to settle, filtered and washed well with distilled wator. It was 
dried on a porous plate in a vacuum desiccator. The solid weic^bing nearly 
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8*5 g. was intimately mixed with orystallme sodium acetate (7 g ) and anhydrous 
sodium carbonate (7 g ) and extracted with chloroform in a Soxhlet apparatus. 
The solvent was distilled off and the residue of yellow sohd crystallised from 
dilute alcohol M.P 167® Yield, 1 1 grams 

0*01095 g of the substance gave 0 68 c c of mtrogen at 34® and 762 mm. 
Found N, 6*96 per cent 
CioHgOsN requires N, 7 3 per cent 

The acetyl denvative was prejiared by rubbing the 6, ammo-8, methoxy* 
coumarm with acetic anhydride and pounng on to crushed ice M P 241® 

0 02135 g of the substance gave 1*15 c o of nitrogen at 34® and 762 mm. 
Found N, 6 0 per cent 
Ci 2 Hii 04N requires N, 6 0 per cent 

The pverate was prepared by dissolving the amino in warm, dilute HCl 
and addmg a cold saturated solution of picric acid It crystallised from 
alcohol as long yellow needles M P 228® 

0*01555 g of the substance gave 1 85 c c of mtrogen at 32® and 763 mm. 

Found. N, 13 42 per cent 

CieHigOjoN* requires N, 13*33 per cent 

The hydrochlonde was obtamed as yellow needles M P 255® 

0*3330 g of the substance gave 0 2134 g of AgCl 
Found. Cl, 15 82 jier cent. 

CioHgOaClN requires Cl, 15 67 per cent 

6 , chloro-S, methoxy-coumann. 

6, ammo-8, methoxy-couraariii (2 g ) in 4N HCl (20 o c ) was cooled to 0® 
and diazotised with a solution of sodium mtnto (*7 g ) m water (10 o o ) After 
standing m the loe-bath for half an hour the cold solution was added from a 
separatmg funnel to an ice-cooled solution of cuprous ohlonde (2 2 g ) in strong 
HCl (15 0 c ) The mixture was stirred for a few mmutes and then gradually 
heated on the water-bath until effervescence ceased The precipitate obtained 
on cooling was filtered, washed with N/10 sodium hydroxide, and then with 
water, dried and extracted with the muumum quantity of boilmg alcohol. 
On dist illing off the solvent, the chloro compound separated as pale yellow 
needles M P 121-122® 

0*2267 g of the substance gave 0 1552 g of AgCl 
Found Cl, 16 03 per cent. 

C10H7O3CI requires Cl, 16 87 per cent 

6 , &fomo-8, methoxy-coumann 

A well-cooled solution of 6, ammo-8, methoxy-coumann (2 g.) in HBr 
(20 0.0.) was diazotised with a cold solution of sodium mtrite (*7 g.) in water 
(10 0.0.) After an hour, the oold solution was added from a dropping fu nne l 
to aa ioe-oooled solntion of cuprous bromide (2 g.) in HBr (15 0.0.). The 
5 
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ixuzture was stirred for some time and then gradually warmed on the water- 
bath until effervescence ceased The precipitate obtamed on cooling was 
filtered, dried and extracted with alcohol The solvent was distilled off and 
the residue, on crystallisation from alcohol, gave pale brown needles of the 
bromo compound M P 116° 

0*2910 g of the substance gave 0*2136 g of AgBr 
Found. Br, 31 21 per cent 
CioH 703 Br requires Br, 31*36 per cent 

Qutnaldtno-d, 5-a-jji/r<me (XIII) 

A mixture of 6, amino-8, methoxy-coumann (1 g ), fuming HCl (2*6 c c ) 
and paraldehyde (2 o o ) was cooled in ice, saturated with dry HCl gas and 
left overnight Next morning the dark viscous hqmd was heated in an oil- 
bath to a temperature of 130°-140° for 3 hours The solid was crushed and 
extracted with boiling water, cooled in ice and made alkalme with solid sodium 
bicarbonate The yellow precipitate which separated was crystallised from 
hot dilute alcohol M P 237° Yield, *3 gram 

0*03266 g of the substance gave 1*66 c c of mtrogen at a temperature 
of 33° and 762 6 mm 

Found N, 6*7 per cent. 

CiiHiiOaN requires N, 6*8 per cent 

6, nttrO‘2, 3, dtmethozy-'benzaldeAycle (VII) 

6, mtro-ortho-vanillm was not convemently methylated by means of 
methyl sulphate and alkaU or methyl iodide and alkali In both cases the 
unreaoted product was recovered The methylation was best earned out by 
the application of Purdie’s method 

6, mtro-ortho-vanillm (7 4 g ) dissolved m a mixture of methyl iodide 
(6 c 0 ) and chloroform (30 c c ) was boiled with finely powdered silver oxide 
(7 g ) for 3 hours The morganic matter was filtered off and most of the solvent 
removed when the methylated product separated This was crystallised from 
methyl alcohol. MP 116° Yield, 4*6 grams 

6, ni<ro-2, 3, dtmetAoxj/-etnnatnie ae$d (IX) 

The following method was found to give a better yield than the one 
employed by Bubenstem (loc eit.): 

A mixture of 6, mtro-ortho-veratraldehyde (6 g ), malomo acid (6 g.), 
pyndine (10 o.o.) and pipendine (8 drops) was refluxed on the water<bath 
for 2 hours There was copious evolution of carbon dioxide. The mixture 
was afterwards heated on the free flame for 10 mmutes The reaction mixture 
was allowed to attain the room temperature, poured mto ice water and the 
excess of pyndme was fixed by means of dilute HQ. The voluminous white 
precipitate which melted at 224°-226° was orystalhsed from facial acetic add. 
M.P.228°. Yield, 4*2 grams. 

3M 
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TAe tffiyl -eater was prepared by dissolving the above acid (1 g ) in absolute 
alcohol (20 0 0 ) and saturating with a stream of dry HCl gas The solution 
was keiit overmght corked in a flask The crystals which separated on {touring 
the hquid into water aere collected and dried M P 111" 

2, 3, dimeth(Key-henzaldehyde 

In a three-necked flask a mixture of ortho-vamllm (91 g ) and water 
(226 c c ) were heated on the steam-bath and a solution of sodium hydroxide 
(90 g ) in water (180 c c ) was heated to about 100° and added in one 
lot to the hot mixture of ortho-vamllm and water The flask was now fitted 
with a reflux condenser, a mechanical stirrer and a separating funnel Heating 
was continued on the water-bath, and dimethyl sulphate (94 g ) was added 
through a separatmg funnel just rapidly enough to maintain ebullition which 
started after the addition of the first 10-16 o c After the addition of all 
the dimethyl sulphate, which required about three-quartoK of an hour, was 
over, the reaction mixture was heated for 46 minutes longer and an additional 
portion of dimethyl sulphate (20 g ) was added at the same rate as the first 
portion At the end of this addition the reaction mixture showed an acid 
reaction to htmus After ten mmutes* heating the reaction mixture was 
rendered alkaline by the addition of the same solution of sodium hydroxide 
(30 c c ), and another portion of dimethyl sulphate (20 g ) added The alternate 
addition of sodium hydroxide solution and of dimethyl sulphate was repeated 
until a total quantity of 172 grams of dimethyl sulphate hewi been added The 
reaction mixture was finally made alkalme by the addition of 76 c c of sodium 
hydroxide and heated for 20 minutes On cooling rapidly, the ortho-veratric 
aldehyde separated as a sohd Yield, 96 grams 

NUrat%on of 2, 3, dtmethoxy-benzaldehyde (cf Davies, loc cU ). 

2, 3, dimethoxy-benzaldehyde (16 g ) was dissolved in the requisite amount 
of glacial acetic acid and 20 o c of concentrated mtne acid (D, 1 4) was added 
drop by drop No nse of temperature was noticed but a defimte reaction took 
plara only when the mixture was heated on the water-bath for about 10 mmutes 
On standing for half an hour, the nitrated product, which was a mixture of 
6, and 6, mtro-2, 3-dunethoxy-benzaldehydes, separated out M P 88° Yield, 
10 grams 

The aeparation of 6, nttro-2, 3, dimeth(»^-bemaldehydefrom the mixture of 6, and 
6, n%tr0‘2, 3, dimetiioQcy-bemaldehydee (of Perkm, loc ett ) 

The mixture of 6, and 6, mtro-2, 3, dimethoxy-benzaldehydes (2M g ) 
was heated with para-toluidine (10*7 g ) on the steam-bath until water was 
seen to separate Sufl^cient alcohol was then added and the mixture heated 
until complete solution occurred On coohng, 6, nitro-2, 3, dimethoxy- 
benzyhdine-ji-touhdil separated first and then the 6, nitro-denvative These 
snbstanoes oould be completely punfied by careful fractional crystallisation 
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from alcohol The 6, mtro-2, 3, dimethoxy-benzylidme-|)-touh<lil melted 
at 143* as distinct from the 6, mtro-denvative which melted at 104® By 
the hydrolysis of these derivatives by means of hot concentrated HCl, the 
corresponding aldehydes were obtained in quantitative yields The 6, mtro-2, 
3, dimethoxy-benzaldehydo melted at 110° whereas the 6, nitro-2, 3, dimethoxy- 
benzaldehyde melted at 115° The curious observation was made that a 
mixture of the two m about equal amounts molted sharply at 88° 

Attempts to obtain the 6, niiro-ortho-vaniUin by the demethylatton of 6, 
nflro-orthO’Verainc aldehyde, both by the methoil of heating in glacial acetic 
acid solution with (o) HBr and (5) anhydrous aluminium chloride, ended in 
failure Only unpunfiable brown, resinous products wore obtamed 

Similarly, attempts to close the coumann rmg by heating the ethyl ester 
of 6, nitro-2, 3, dimethoxy-cmnamic acid by means of hydriodio acid were 
also unsuooessfuJ The dark tarry residue was washed with sulphurous acid 
when it became lighter in colour but it could not be obtamed m a pure 
crystallme state 

2, henzene^sulphonyUZ, methoxy-bemaldekyde (of Rupp and Lmck, loc at ) 
Ortho-vaniUm (10 g ) was treated with a 16% solution of sodium hydroxide 
(30 0 c ) and benzene sulphonyl chloride (14 g ), and the mixture shaken in a 
mechanical shaker for one hour The reaction product was then poured mto 
water when the benzone-sulphonyl-denvative separated as a white sohd It 
crystallised from alcohol m colourless gUstomng plates M P 121° Yield, 
10*6 grams 

6, mtro-2, benzene sidphonyl-3, methoxy-benzaldehyde (of Davies, loc mt ) 

The benzene sulphonvl derivative (1 g ) was dissolved in fummg mtno 
acid (20 c c ) The temperature ivas not allowed to nse above 0° by keeping 
the solution in an ice-bath After 10 minutes it was poured mto water when 
the benzene sulphonyl 6, mtro-denvative separated as a white sohd It 
crystallised from rectified spirit as pale yellow needles M P 146° 

Several attempts were made to remove the benzene sulphonyl group m 
this derivative, by hydrolysis with (a) concentrated hydrochlono acid and (6) 
caustic alkali, but m all cases the expenments failed to give the desired 6, 
mtro-ortho-vanilhn, the benzene sulphonyl denvative being apparently 
decomposed m the process Agam, on condensing the same 6, mtro-3, 
methoxy-2, benzene sulphoxy-benzaldehyde with malomo acid in the presence 
of pyndme and pipendme, refluxing for 2 hours, pouring mto water and 
acidifying with HCl, a brown neutral product was obtained which could not 
be purified by crystallisation 

6, nitro-2, 3, dimethoxy-cinnamic and (m p 220°) (XV) 

6, mtro-2, 3, dimethoxy-benzaldehyde (7*6 g ) was mixed with malonic 
acid (4*3 g ), p;^dme (10 o o ) and pipendme (0*1 o o ) and was heated on the 
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water«bath for about 2 hours and finally on the sand-bath for 16 minutes, 
after which it was poured mto ice-cold dilute hydrochlonc acid and stirred 
The sohd was ground well with a solution of sodium carbonate and filtered 
The filtrate on acidification dopositerl 6, mtro-2, 3, dimothoxy-cinnamic acid 
which came down as long needles on crystallisation from alcohol M P. 220®. 
Yield, 1 6 grams. 

Action of Sunlight on 6, nitro~2, 3, dimdhoxy-ctnnamtc aad 

The cmnamio acid (1 g ) m benzene (10 go) was exposed to sunlight in a 
quartz flask for 12 hours On removing the solvent the unchanged material 
meltmg at 220® was recovered 

Actum of hiat on 6, nitro-2, 3, dimeihoxy-annamtc aad 

The cinnamic acid was heated at 240® in a test tube m a sulphuric acid 
bath, and the molten substance kept at this temperature for an hour The 
product was found to bo unchanged material meltmg at 220° 

Acetylation of ortho-vanilUn (cf Rupp and Baeyer, loc at ) 

Ortho-vaniUin (10 g ) was dissolved in a mixture of acetic anhydnde (7 6 g.) 
and pyndine (10 g ) and kept undi8turbo<l at the room temperature for 24 hours 
On dilutmg with water, the acetyl derivative separated m transparent leaflets, 
MP.76® Yield, 11 6 grams 

4, mtro-ortho-vaniUin (XVI) 

Careful nitration of ortho-vanilhn acetate in small quantities at a tune 
yielded a mixture of the 4, and the 6, mtro-ortho* vanillins A senes of expen- 
ments conducted for this purpose led to the workmg out of the following ideal 
conditions for obtammg the best yield of the nitro compounds 

To a mixture of 10 o o of fuming mtno acid (D = 1 40) and 2 o o of 
concentrated sulphunc acid, cooled to — 6®C., was added 3 grams of finely 
powdered ortho-vanilhn acetate, in small quantities at a time, with brisk 
mechamcal stimng During the addition which lasted from 20 to 80 minutes, 
the temperature was rilamtained below 0®C. and the stirring contmued for 
another 16 mmutes The reaction mixture was then poured into 20 grams of 
crushed ice when a viscous oil separated at the bottom which was extracted 
thnce with 20 o o of benzene each tune The benzene layers were combined, 
washed twice with Ice-cold water and then shaken up with 6% ice-cold sodium 
bicarbonate solution till the washings were alkalme, and again washed twice 
with ice-cold water The benzene was distilled off and the brown oily residue 
heated to boiling with 20 c o. of 2% NaOH, cooled and acidified with hydro- 
ohloric acid The separatmg yellowish brown solid was a mixture of 4, and 6, 
nitro-ortho-vamllms It was filtered, washed and dissolved m the minimum 
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quantity of hot glaoial aoetio acid. Long yellow needles of 4, mtro^rtho- 
vanillm separated out first M P 62-93*’ Yield, 1*10 grams 

The 6-mtro-ortho-vamllm comes down from the filtrate on careful dilution 
MP 71.72** Yield, 0*36 gram 

0*0614 g of the 4, nitro-ortho-vanilhn (m p 62-93*’) gave 6 o o of 
mtrogen at 30°C. and at 762 mm 
Found N, 7 26 per cent 
CgH706N requires N, 7*11 per cent 

Acetic acid is found to be a better solvent than alcohol for this separation 
of the 4, and 6, nitro-denvatives 

The 6, mtro-compound gives a dark red solution with feme chloride and 
forms a low melting acetyl derivative A httle was warmed with acetone 
and the solution poured in a thin stream into ddute potassium hydroxide 
solution when a dark blue colour was produced showmg that the nitro-group 
was m the ortho-position to the aldehyde group 

7, itttro-8, mdhoxy-tmmann 3, eathoxylxc tster (XX) 

4, mtro-ortho-vamllm (2 g ), malonio ester (3 g ) and piperidine (4 drops) 
were heated on the water-bath for 15 minutes and kept overnight tightly corked 
in a fiask A brown semi solid mass separated the next day on pourmg the 
reaction product into water containing dilute HCl On washing with dilute 
alcohol a pale yellow solid was obtamed which crystallised from alcohol as 
long needles M P 146** Yield, 1 gram 

0*03416 g of the substance gave 1*46 o o of nitrogen at 32“ and 760 mm 
Found N, 4 8 per cent 
Ci8Hn07N requires N, 4*7 per cent 

7, n»fro-8, mdhoxy-coumann 3, carhoxyhc acid (XXI). 

The ester (1 g ) was hydrolysed with 2N sodium hydroxide (8 o c ) by 
refluxing for half an hour on the water-bath The red solution was filtered 
from meohamoal impurities, cooled and acidified The voluminous precipitate 
was filtm«d, dried and crystallised from glacial aoetio acid MP 146*’ Yield, 
0*6 gram 

001376 g of the substance gave 0*63 o o of nitn^n at 33** and 764 mm 
Found. N, 6*11 per oent 
CHH7O7N requires N, 6*29 per cent. 

7, nifro-S, mdhoxy-eournarin (XVII) 

7, nitro-8, methoxy-coumarin 3, carboxyho acid (1 g) was intimately 
mixed with copper powder (2 g ) and washed fine sand (2 g.) and heated directly 
on the flame until white fumes evolved copiously when the heating was stopped 
and the reaction allowed to complete itself The oold mass was extracted 
with absolute alcohol which left on evaporation a pale brown solid. This was 
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washed with ddnte bicarbonate solution and then oiystallised twice from dilute 
alcohol Short thick needles M P 164*65° Yield, 0 6 gram 

0*01345 g of the substance gave 0 74 o c of nitrogen at 33° and 760 mm 
Found. N, 6*2 per cent 
C10H7O5K requires N, 6*3 per cent 

6, nttro-2, 3, dtmethoxy benadldehyde {By oxtdatton of 6, nitro-2, 3, dtmethoxy- 
etnnamte aend ) 

6, mtro-2, 3, dimethoxy-cinnamic acid (1 g ) prepared from 5, mtro-8, 
mebhoxy-coumann by Robertson’s method was suspended in water (40 c c ) 
and a httlo sodium carbonate solution (2 c c ) was added and stirred until it 
went into solution The solution was taken in a separatmg funnel, mixed 
with benzene (100 0 c ) and treated with a cold solution of potassium per- 
manganate (1 48 g m 25 c c of water), the mixture bemg vigorously shaken 
and cooled after each addition When the addition of potassium permanganate 
was completed the mixture was allowed to remam for a few mmutes, then 
filtered and the precipitate of mangan^ dioxide washed with benzene The 
benzene layer was separated from the aqueous layer, dried over sodium sulphate 
and the solvent removed by distillation when a brownish residue was left 
behmd On crystallisation from a mixture of benzene and ligrom it melted 
sharply at 110° It gave the expected indigo derivative with acetone and 
sodium hydroxide and was finally identified mth an authentic specimen of 6, 
nitro-2, 3-dimethoxy-benzaldehyde by a mixed melting point deteamination 
0 01334 g. of the substance gave 0*78 c c of nitrogen at 33° and 762 mm 
Found. N, 6*57 per cent 
CgHgOsN requires N, 6 63 per emit. 

5, 6, dtm^hoxy-B, 4, dthydro-earboatynl (XXII) 

The acid m p 140° (1 g ) was dissolved in the mmimum amount of 
2N sodium hydroxide and reduced by means of 4% sodium amalgam (30 g. 
of mercury and 1 2 g. of sodium) The addition of sodium amalgam was so 
adjusted as not to imduce much heat durmg the process The solution 
was kept just alkalinn by the addition of acetic acid to neutralise the excess 
of alkali formed and kept undisturbed for an hour The mercury was tapped 
off and the solution acidified with acetic acid As no precipitate was formed, 
the iH ol ut ion was extracted thnee with ether, the ethereal extract dried over 
sodium sulphate an^ the ether distilled off The oily residue that was left 
bdiind ■nlldiflnd on cooling in ice and rubbmg with a rod After wa shin g 
with dilute sodium carbonate and crystallisii^ firom alcohol, pale brown 
crystals, m p. 173°, were obtaiaad Yield, 0*45 gram The crystals dissolved 
in dilute HCl and were r^recipitated by ammonia 

0*01888 g. of the substance gave 1*166 0 0 of mtrogen at 36° and 769 mm.. 
Found: N, 6*71 per cent. 

CiiHisOsN requires N, 6*77 per cent. 
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5, 6, dtmeiA<xcy-3, 4, d%hydro<arhot*yril, {Fr<m d%rneihoxy’C%nnarMC ac%d, m p. 

220®, (XV), prepared from 6, rutro^ortho^verainc aldehyde ) 

6, nitro*2, 3, dimethoxy-cinnamio acid, m p 220®, (1*6 g ) was dissolved 
in 2N sodium hydroxide (20 c o ) and treated with 4% sodium amalgam m 
the same way as m the previoas case The reaction mixture was kept family 
alkaline by the addition of aoid from time to time After addition was com* 
plete, the reaction mixture was allowed to stand for an hour, the mercury 
was tapped oflF, and the aqueous layer filtered from the precipitate formed The 
precipitate crystallised from alcohol m shining plates melting at 174® The 
alkahne filtrate was made just acidic, basified again with ammonia and 
evaporated to dryness The dried mass on extraction with alcohol gave some 
more of the carbostynl Total yield, 1 1 grams This gave no depression in 
melting pomt when mixed with a specimen of the previous product prepared 
by the reduction of the isomeno 6, mtro-2, 3, dimethoxy-cmnamio acid 
M P.140" 

0*016 g. of the substance gave 0*00683 g of carbon dioxide and 0 0273 g. 
of water. 

Found: C, 63 1; H, 6*1 per cent 
CiiHiaOsN requires G, 63 2; H, 6*2 per cent. 

HalogencUton of 8, rnethoxy-coumariTt. 

6) chioro-S, methoxy<oumartn 


OMe 0 



8, methoxy-ooumarm (2 g ) was dissolved in glacial acetic acui (20 o c ) 
and chlonne gas from a cyhndor was passed mto the solution There was 
considerable evolution of heat. After some time crystab of 6, ohloro*8, 
methoxy-ooumarm began to separate. It was filtered and dried M P 182®. 
Yield, 1*8 grams. 

The melting point was not depressed when mixed with a specimen of 6, 
ohloro-8, methoiy-coumann obtamed from 5, mtro-8, methoxy-ooumarm by 
reduction, diaaotisation and replacement of the diazo group by chlorine. 

6, bromo-S, methoxy-counumn. 


OMe O 
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8, methoxy^ooumann (1 g ) was dissolved m glaoial aoetio aoid (20 o o.) 
and bromine (1*1 o o ) m acetic acid (10 o c ) was added drop by drop There 
was oonsiderable heat evolved accompanied by the evolution of HBr gas After 
standmg for 16 mmutes and coolmg m ice, the 6, bromo-8, methoxy-ooumann 
was collected and crystallised from aoetio acid M P 167° No deprossion 
m this melting pomt was observed on admixture with a specimen of 6, bromo-8, 
methoxy-ooumarm prepared firam 6, mtro-8, methoxy-ooumann by reduction, 
diazotisation and replacement of the diazo group by bromme. 


Nitration of 8, hydroxy-coumann 
8, hydroxy-coumann (XXV) 

8, methoxy-ooumann (8 8 g ) m glacial acetic acid (26 o c ) was mixed 
with hydrobromio acid (2 7 c c ) (D = 1 6) and refluxed for 6 hours The 
product of reaction was diluted with water (26 c o ) and just neutralised with 
sodium bicarbonate solution The hydroxy compound which separated was 
filtered, and crystallised from boilmg water Clusters of fine needles M P 
166° The neutral mother hquor on evaporation to dryness and extraction 
with absolute alcohol gave some more of the hydroxy compound Yield, 
7 grams 

(H)3606 g of the substance gave 0 08649 g of carbon dioxide and 0*0112 g 
of water 

Found C, 66 6; H, 3*66 per cent 

CqHsOs requires C, 66 6, H, 3 6 per cent 

Attempts to synthesise 8, hydroxy-coumann from catechol and mabc 
aoid by the method given by Bizzan (loc cit ) were unsuccessful 

8, hydroxy-1, nitro-eoumarin (XXVI) 

8, hydroxy-coumann (1 1 g ) was added to a mixture of concentrated 
mtno aoid (1*2 o o ) and concentrated sulphunc acid (1*2 c o ), the temperature 
being kept withm a range of 0-6° by keeping it m an ice-bath After the 
liddOiinii was completed the reaction mixture was kept at the same temperature 
for an hour with stirring and the pasty niass then thrown into water. The 
nitrated product which separated was washed with water and 6% sodium 
bicarbonate solution (10 oo), filtered, dned and crystallised from glacial 
aoetio aoid. Yellow plates meltmg at 224° 

0*0204 g. of the substance gave 1 19 o c of nitrogen at 33° and 762 mm. 

Found: N, 6*62 per cent 

C9H5O5N requires N, 6 76 per cent. 

8 , nethoxy-1, nitro-coumarin. 

8, hydroxy-7, mtro-ooumann (0 2 g ) was suspended in dried chloroform 
(20 0.0.) containing freshly precipitated silver oxide (0*2 g.) also in suspenaiou 
and methyl iodide (2 0 0.) The mixture was refiuxed for 2 hours and filtered 

6 
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hot. The filtrate, on evaporation, deposited 7, nitro-8, methoxy-oonmarin 
which crystalhsed from alcohol in needles meltmg at 164*’. From the silveir 
oxide residue a small quantity of the unreaoted hydroxy-compound was 
recovered. 7, mtro-8, methoxy-coumann gave no depression m melting point 
by adnuxture with a specimen of the synthetic compound from 4, nitro-ortho- 
vanillin. 

0'01345 g. of the substance gave 0*74 o.o. of mtrogen at 33° and 760 mm. 
Found: N, 6*2 per cent 
C10H7O5N requires N, 6*3 per cent 

D%nitro-9, hydroxy-coumann {Nitration at ordinary temperature.) 

OH O 

NO, CH 

8, hydroxy-coumann (*5 g.) was dissolved in glacial acetic acid (3 c.o.), 
and a mixture of fuming nitno acid (1 c o ) and glacial acetic acid ( 6 c c ) was 
added drop by drop There was no appreciable rise in temperature, but on 
the addition of concentrated sulphuric acid (1 0 c ) th^ was much evolution 
of heat The mixture was cooled m runnmg water when a yellow solid 
separated which crystallised from glacial acetic acid in yellow needles. 
MP. 196°. Yield, 0-6 gram. 

0*2187 g. of the substance gave 2*17 c c. of nitrogen at 34*6° and 758 mm. 
Found. N, 11*10 per cent. 

C,H407N, requires N, 11*11 per cent. 

Niiratton of 8, fnefftoxy-coumann-Z, earboxyltc aetd. (5, ntiro-B, metkoxy- 
eoumann-Z, oarboxylio acid.) 

OMe O 



8, methoxy-ooumann-3, oarboxylio acid (6 g.) was disscdved in concentrated 
nitric acid (20 c 0 ) at the ordinaiy temp^ture. It was then warmed on 
the water-bath for 10 mmutes and kept undisturbed fmr 2 hours On pouring 
into water pale yellow crystab of the mtro compound Separated. M.P. 203°. 

0H)12 g. of the substance gave 0*55 0.0. of nitrogm at 33° and 760 mm. 

Found: N, 6*13 per cent. 

C11HTO7N requires N, 5*20 per cent. 

6a 
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6, nitroS, mdhozy-coumarin. {By decarboxylation of the above nitro-add.) 

5, nitro-8, methoxy-ooumarm-3, carboxylic acid (3 g ) was mixed with 
sand (2 g ) and copper powder (2 g ) and heated on the free flame until there 
was evolution of white fumes When the reaction had subsided, the reaction 
mixture was cooled, extracted with alcohol and the residue obtamed on diB> 
tilling off the alcohol was crystallised from dilute alcohol It separated as 
long white needles, MP. 206**, and showed no depression in mating pomt 
when mixed with a specimen of 6, nitro-8, methoxy-coumann obtamed by the 
nitration of 8, methoxy-coumann 
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MEASUREMENT OF COEFFICIENT OF REFLECTION AND PHASE 
FOR SOUND WAVES 

By Miss Cuandba Kanta, M Sc j Physics Department, 

University of AUahabad 

(Communicated by Dr R N Ghosh, D So , F N I ) 

{Read August 20, 1940 ) 

Introduction 

The problem of the absorption of sound in porous matmals has 
been investigated both theoretically and experimentally by several 
investigators! m this laboratory during recent years The present paper 
carries this work a stage further m that the phase change associated with 
reflection from porous substances is studied by measuring the effect of air 
load on the electrical impedance of the sound source So far no data seem 
to be available regarding the change of phase that takes place on reflection 
from different substances and it is also not definitely known whether it is 
possible to alter the coefficient of reflection without any appreciable change 
of phase It is well known that if there is a surface of separation between the 
two sides of a tube through which sound waves are passing then (1) a part of 
the waves will bo transmitted and (2) a part will be reflected back and the 
reflected wave will undergo a change of phase dependmg upon the nature of 
the partition In the absence of the partition there is no reflection and no 
reflected wave If the bamer is rigid, perfect reflection takes place and the 
change of phase is ir But nothing is known about phfwe change between the 
reflection coefficients zero and one The present work was undertaken to 
investigate this pomt m particular and also to determme the coefficients of 
absorption for sound of different matoiialB 

The method in brief is a modiflcation of that used by Fay and Hall > 
for measuring the acoustical output of a telephone receiver It consists in 
measuring the electrical impedance of a telephone receiver which is acoustically 
connected to an air colunm The other end of this air column is fitted with a 
piston When the receiver works, the air column vibrates It reacts upon 
the receiver and alters its electncal impedance This change is measured 
by a suitable apparatus The coefficient of reflection and the corresponding 
phase change is calculated from the constants of the receiver and the reactance 
and resistance terms pf the eleotriced impedance The measurement of phase 
Bunultaneoudy with the coefficient of reflection has been made possible, smce 
both the reactance and resistance terms are determined separately by this 
method. 
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The paper ie divided into three parts: — 

1. The first part deals with the theoretical background neoeasary to 

enable one to determine the quantities to be measured for 
evaluating the resistance and the reactance terms of a reflector. 

2. The second part descnbes the experimental arrangement, the 

sound source, eto., the obsarvations and graphs for the determina- 
tion of sound absorption coefficients of ad hoc matenab and the 
consequent phase changes at reflection. The sources of error 
m the measurements are also discussed m this section. 

3. The third section is devoted to the determination of absorption 

coefficients of an assemblage of fine tubes, and the phase change 
that takes place from the surface of the tubes This assemblage 
IS similar to any sound absorbing material of which the physical 
constants are known. 


Past I 

1. Theory of the momng eoU receiver unit * 

When a cylmdnoal coil havmg n number of turns is situated m a radial 
magnetic field of mtensity H gauss, the force is given by 

10 

where b is the radius of the coil 

The back electromotive force generated when the coil moves to and iro 
cutting the magnetic Imes of force will be 

where 8z denotes the distance moved by the coil in time 8t 
e wm 2td>ffin ■■ Kd: 

IfEbe the total mput e.m f , then E == e+Zgj^i, 

Z^w electrical impedance of the wmdings, etc 

that is ” 

••• 

But -7 is the total deotrical unpedanoe Zjgj, of the receiver 
if* . 




( 1 ) 
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To find <mt Z.'—Let us consider the diaphragm of the receiver when it is 
vibrating m its fundamental mode It can be regarded as a certam eqmvalent 
mass subject to dastic restraint, and moving under the action of impressed 
magnetic forces 

smce P H Ziia « Ziia 

mX+r±+sx+a*Zii tm F . . .. (o) 

where x is the deflection at the centre of the diaphragm, 
m the effective mass of the diaphragm, 
r the damping force per unit velocity of the diaphragm, 

« the force required at the centre of the diaphragm to produce unit 
deflection, 

a the area of cross-section of the tube, 
p the excess pressure due to sound waves 

.• (a) becomes 

mjwi+rz-i ^cflZii ■■ F 



In this equation R,, X,, and K* are constants for the receiver for a certain 
firequenoy and temperature. 

To find Zi The vdue of Zi will depend upon the length of the air column 
and the nature of the piston when it serves as a reflector. Gonrider a sound 
wave travellii^; in a pipe of uniform cross-section incident on a piston and 
reflected back. Assuming that the source is at the origin, the particle velocity 
of the inoidmit waves is givm by ^ that of the reflected wave is 
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im where a is the coefficient of reflection and kfi is the 

phase change, ^ ™ ^ 

In the resultant wave motion the particle velocity is given by 
and the resultant pressure is 


where Zq is the meohamcal impedance of unit area of air column of infimte 
length 


Hence 


Zi 


„ _ p _ Zo f 1 


at^sr 0 


l-g* 2jaBmfe(21-/3) ) 

a 1 +a*+2a cos k{2l—P) I +a*+2a cos ifc(2/— jS) j 


I represents the length of the vibratmg column, the piston bemg situated at 

X B { 


Putting this value of Zi m equation (2) we get 
K* 


where 




and 

or 


D B l+a*+2aoo8ifc(21— j8) 
9 B k{2l-P) 




B,+aZ,^+,(x,+aZ,^) 


.. (3) 


2 In the case of a perfect reflector « 1 and ■» w 

Kquatioii (3) gi™ Z _ Z,„+, 


“ET - ‘‘BW->-s^^j(t,-aZ, oot ») •’'> 

Here we see that as the length I of the air column is changed oZo oot hi) 
changes but remains the same 


•- Putting (Xp-^aZQ oot W) ■■ Xp yre g 


(4) 



BBFLBOTIOK ABD PHASE FOB SOUND WAVBS 


675 


equating the real parts 




or 




or 



constant 


55 ^ 

2R, 


( 6 ) 


which IS the equation of a circle, when and are plotted as ordinate 
and abscissa Thus we find that the locus of 


I a circle of radius , 
2R’ 


(3a) 


tangent to the Z>axis at the origin 

Determtnation of K*, R^ and Xp — ^From (3') we get 

« 

^EL i2^»+(jr -flZo cot W)* 

_ Z*(Zp— oZo cot id) 

i?^*+ (Z,-aZo cot hi)* * 

Put Rj^^ '^’3 ^ew ^sw t.he electrical 

resistance and the reactance of the winding, etc Let ABC be the locus of 
^EL ^ ) when the perfect refieotor acts as a piston From (3' ) we note that 
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when oot ibi B 00 the seoond term vaniahee, and 


^gT " 

Hence will be minunum and its value will be equal to ^sw 
At thu position of the piston the reactance will be the same as 
This point is represented on the circle as the point number (1) Again from 
X 

(3a) we find when oot H ^ is maximum and m X^^ This 
is shown by the point number (2) At point (3) -■ measured from 

the point (1) as origin 

Now the point (1) gives and X^^ At point (2) X^^^O with 
respect to X^^^ and 

Xp^aZoCOtHs ... . (a) 

At (3) when 

Xp- -(Xp-aZoCOtWj) (6) 


The radios of the circle is equal to 


HL 

2Xp 

X 

"^^8 2x : 


(C) 


with the help of equations (a), (6), (c); Xp, Xp and X* the constants of the 
receiver can be calculated at a constant frequency and temperature. 


4. AbMritnff material. 

When instead of a perfect reflector the piston is made of some absorbing 
material 


X* 


o , o2lo(l— «*) , • f yr t v 2a Sin 6 \ 

H-ci*+2«n-2«ui>jj I U+2«(l-2»m«|jl 


where 6 m (21~X)ik 
or Z, 


Ip+aZo jjj+i \ X^+aZf) 

{l+a)*-4a8in*| 1 


2a sin 6 


(l+a)*-4a8in*s 


*,+«2o — j+i(z,+aZ.?i^) 

(l+a)«-4«8in«| V " / 


.. (») 
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or Z 




^KL'^i^EL *■ 1 


JP* 


Now if this equation be treated as equation (4) we get 

(n 

2iJ/y 2 r ; 

here JS/ is not a constant as in the case of the perfect reflector, here 


which vanes as 0 b k{2l—fi) changes ; so we see that m the case of an absorbing 
matenal locus of will not be a perfect circle but a curve of changing radius 
and shifting centre 

0 

6. Dderminatton of a If sin^ be neglected as it is very small, firom (6) 


z 

fu , „ 1— «* 7 , fv- , 2*sm0) 

"" („ . ,1 — ^ 

which is again an equation of a circle. In the case of an absorber also the 
shift is BO small that for all practical purposes we can consider it a drde. 
Then the radius of this circle is given by 



Knowing uid from the case of the perfect reflector « can be calculated 
if the radius be known. 
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6 Determination of Phase change 

In the ease of an absorbing material also when is maxiniiiTn 
IS zero approximately, hence from equation (7) 


Y . 2asm6 
or sin B m 


0 


3:,(l+a)« 

2a 


This holds good only if (1+X,“) is negligible, otherwise 


smtf 


2a(l+V) 


sin 5 sa sin (2i— jj)4: =s 


■2a(l+Zp*) 


(9) 


knowing Xp from the case of the perfect reflector and a from (8), kp can be 
calculated if I be known I is the equivalent length of the air column from the 
ongm to the point where B^j^ is maximum 


Past II 

1 Experimental details . — 

To find out the electrical impedance of the receiver, a oyhndncal 
brass socket S was fitted to the mouth of the receiver To this socket was 
attached a brass tube AB A snugly fitting brass piston, having two piston 
rmgs, formed the termmation of t^s tube As this, type of piston formed a 
very efficient seal, it was necessary to have a pressure hole H in the brass 
socket S which could be opened or closed by a brass screw In order to 



* s 

A 

B 



OH 


■ B 1 

R 







» 





Pm 2 


avoid tearing of the diaphragm by change m air pressure, the hole was always 
opened before moving the pistoi\ to and fro A pointer attached to the piston 
rod B moves on a scale and measures the shift of the piston and thus the 
length of the aur column 

The source of sound was a beat frequency oscillator To prevent ovw- 
loading of the receiver with its consequent distortionmg effect, as low an 
input level was used, as was consistent with the method of measurement 

The osciUatuig body was the diaphragm of a moving eoil electro-magnet 
type of receiver Before making the measurements the receiver was aUowed 
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to reach thermal equihbnum with its field excited as both the field excitation 
and the mechanical properties of a diaphragm are functions of temperature 
When the receiver worked, it filled the tube with sound As the piston 
was moved, the length of the air column changed, thus the electrical impedance 
of the receiver also changed in the manner indicated by equation (3) of the 
first part The electrical impedance is the sum of resistance and reactance 
It was found that the reactance had positive as well as negative values depending 
upon the length of the air column and the nature of the reflectmg piston 

To measure this reactance and resistance, we first tned Anderson’s bridge, 
but it was found incapable of measunng negative reactances It could not 
also detect very smaU changes of resistance and reactance So m the end we 
used Campbell’s mduotometer It proved quite sensitive and accurate for 
measunng both positive and negative mduotanoes of the order of one micro- 
henry For resistance measurement a dial resistance box readmg up to U 1 
ohms accurately was used Large errors can anse m effective resistance 
measurements, on account of (1) the small residual reactance of the ratio 
arms, and (2) the earth oape^sitance From the theory* we see that when 
the ratio arms have equal resistances and residuals no errors anse m the 
measurements With unequal ratio arms, but with theu: residuals m the same 
ratio as their resistance, errors due to n^idual effects are also entirely eliminated 
In the present case the resistance of the ratio arms when measured separately 
was found equal Also whether the residuals were equal or not was checked 
by balancing the bndgo and then mterchangmg the ratios, it was found that 
by interchanging, the balance was not upset That showed that the residuals 
were also equal Hence we conclude that no errors due to residuals were 
mtroduced m the resistance measurements There was a difference of 07 
ohms m the resistance of pnniaries, which did not interfere with the resistance 
measurements to any appreciable extent 

To avoid earth capacitance effect, shielded wires were used for connec- 
tions, with their shields connected to earth and the inductometer was insulated 
and k^t at a distance from the oscillator Wagner’s earthing device was 
also tned but it did not make any appreciable improvement 

The arrangement of the apparatus is shown m fig 3 To avoid using 
the negative scale of the mduotometer, a small known inductance L was put m 
senes with the unknown impedance In series with L was put a thermo- 
milli-ammeter to keep the mput current constant as it changes with the change 
of aiT load impedance. The current is adjusted by the volume control knob 
of the beat frequency oscillator A low resistance telephone was used to 
detect small changes of impedance m the ciromt 

To find out the resistance and the reactance terms of an impedance, both 
resistance and inductance were adjusted tiU there was minimum sound in the 
telephone. The sound never vanished. Sven Wagner’s earthing device 
could not improve this n*ininnini Perfect silenoe could not be obtained due 
to the presence of harmonic content m the oscillator. 
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2 Ob8ervaiiot%3 and CaleuJaiiona 

After making all the arrangemoits as described before^ the oscillator 
and the field magnet cnrrent were switched on. The maximum current for 
the magnet is 1*6 amperes, but for our purpose 1>2 amperes were enough. This 
1*2 amperes current was maintained constant with the help of a dide resistance 
throughout the experiment. The oscillator was adjusted for a frequency of 
nearly 1,200 cycles. To maintcun this iroquenoy constant, it was very 
necessary that the temperature of the oscillator diould remain constant. 
For that purpose a fan was put on and this kept the temperature satisfiaotorily 
constant. The exact frequency was calculated from the observed half wave* 
length in terms of the length of the air column between two nodes or antinodes. 
At first, redstanoe wd inductance were adjusted to find the balanoe keeping 
the receiver out of circuit. ^Hus gave us the initial resistance and inductance 
of the circuit which was subtracted fimm every reading. 13ie difference gave 
the total impedance of the circuit. Then the pidon was pushed info ttoerfreme 
inuNird poaitioih and balanoe was found by adjusting the resistanoe and 
inductance and thb position of the jdston was read as the sero of the seide. 


BBFLBOnON AND FHASB FOB SOUND WAYIS. 


681 


Then the pistoh was pushed out a htUe, again resistance and inductance were 
adjusted to get a balance and the position of the piston noted. In this manner 
the readings were taken at small distances, until after moving the piston 
through a length equal to half wave-length they b^an to repeat themselves. 
This gave us the electnoal resistance and mdnctance corresponding to the 
acoustical impedance of the known length of air (wlumn. Inductance in 
each case was then multiplied by 2vf to get the reactance, / denoting the 
frequency of sound. A curve was drawn between resistance as abscissa and 
reactance as ordinate, which was found to be a circle in accordance with 
equation (6). 

Then three points were taken on this cncle : (i) where resistance is 
minimum, (h) B^j^ is maximum, and (iii) B^j^ is equal to Then according 
to equations (a), (b) and (e), the constants B,, and X, of the receiver were 
calculated for the particular frequency and temperature. A typical case is 
given below: — 

Temperature ■■ 26*5*C 

Field magnet current = 1*2 amperes. 

Initial resistance <= 0 4 ohms. 

Initial inductance reading = 3 2 

The readings below are given after subtraotmg the Initial resistance and 
inductance readings. 


Scale Beading 1. 

Resistance B 

Inductance 
reading L. 

Reactance 1*638L 
X. 

0 

14*06 

*1 

*164 

2 

13*4 

•9 

1*384 

4 

13 2 

1*4 

2*16 

6 

18*2 

1*6 

2*46 

6 

13*2 

1*86 

2*84 

7 

13*2 

2*06 

3*16 

8 

13*3 

2*4 

3*69 

9 

13*6 

2*8 

43 

10 

14*3 

8*6 

6*38 

10*6 

16*2 

4*0 

6*16 

11 

17*1 

4*2 

6*46 

11*0 

20*0 

3*0 

4*6 

11*8 

20*6 

1*3 

2*0 

12*0 

19*8 

*2 

*308 

12*6 

17*6 

-*7 

-1*07 

18 

16*6 

-6 

-923 

13*6 

14*8 

-*3 

—46 

14 

14*16 

*06 

•077 

14*2 

14*06 

•1 

*164 
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J wave-length » H’2 cm 
wave-length A = 28*4 cm 
Velocity of sound 331 3+ 0lt 
where t is the temperature 
Velocity V - 331 3-|- 01 x 26 6 
n 347'46 meters 
^47 40 

Frequency X 100 « 1223 4 cycles 

2w/ a 2 X 3 142 X 1223 4 « 7696 

Now reactance is equal to 27r/ times inductance Tf L' denotes mductanfie 
and X reactance, X set 2irfL’ 

Buti' *2x100 xli 

because L is the mductometer scale reading which is always multiplied by 2 
and the multiplymg factor used, which m this case was 100 
Reactance X * 400Tr/L * 1 64xlO«L Microhenries 
* 1 54L Henries 

After caloulatmg X in every case a curve was drawn between resistance 
and reactance and three points taken as desonbed in § 3, Part I, and length 
readings noted at these points 

If I denotes the length reading at point (1) 

I am 6*0 cm 

According to theory the point where the resistance is minimum should 
be at a distance ^ from the origm, therefore effective length V of the air 
column from our zero of the scale to the ongin is given by 
r * I * 14 2-6 6 * 8>6 om 

V * 8*6 om should be added to every length reading to get the real 
length of the air column Thus 

at point (2) If * 11 7-|'8 6 * 20*3 cm. 

M .> (3) k * 10-96-f 8 6 * 10-66 om 

m 13-2 ohms 

^ELt “ 20-5- 13-2 * 72 ohms 
»* 16 86—13 2 * 3-06 ohms 

ELt 


From equation (a) 
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From equation (6) 

Bp+X^ = aZo cot ^ X 19 56 

From equation (r) 



^^ = ^.^,-366 

or 

A* =. 2x-186 x 3 6r>aZo 


at 1 36 aZo 


. = 0 19 aZo 

Xp =. 0 22 aZo 

A* = 1 36 aZo 


Abaorbtng matenal 

After knowing the constants of the receiver in this way, the absorbing 
matenal was put at the piston and the piston was pushed tnto its extreme position 
Then the experiment was repeated m the same way, keepmg all the other 
conditions the same as in the case of the reflector The followmg were the 
observations when cotton was used as an absorber 
For cotton fig 4 
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Scale Reading 2 

Resistance R. 

Inductance 
Readmg L. 

React an( 
X a l-63i 

0 

13 6 

•0 

1-38 

2 

13-36 

1-4 

2-16 

3 

13-3 

1-6 

2 46 

4 

13 3 

1-8 

2 77 

6 

13-36 

2-0 

3-08 

6 

13 6 

23 

3-54 

7 

13-8 

2-7 

4-16 

8 

14 6 

31 

4-76 

9 

16-3 

35 

6-38 

9-6 

18-1 

2-8 

4-3 

10 

18-6 

1-4 

2-16 

10 6 

17 6 

0-2 

31 

11-0 

16-3 

—1 

—16 

11-6 

16-2 

—1 

—16 

12-0 

14 7 

+•1 

•16 

13 0 

13-9 

•6* 

92 

14-0 

13 6 

-0 

1-38 


A g^aph was drawn betw€^en resistance and reactance and the length 
was noted at the point where the resistance was maximum Reactance at 
this point was nearly the same as the reactance of the wmdings, etc. 

The difference of this resistance and gave us and the length when 
added to eflfeotivo length gave the length of the aur column 
At the pomt of maximum resistance 

I « 9-9+8 6 18 6 oms 

RgL “ 18 7-13 2= 6-6 ohms 
From f 6 equation (8) 

I 1“« IT 

2xRadiu8"* P"^l+a® ® 


Rgg ** 1 +* 

Putting the values of it®, Rp and Rg^^ 
l-g 1 36 
l+a“ 66 
« 26- 19 


- 19 


939 

“ " 1 061 “ 


886 


Absorption ooeflloient ■■ I — a* »■ 
From { 6 equation (9) 

idn^ 

7 » 


1-78 « 22 


Xp{l + x)* 
Ml+X,*) 
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or putting the vftlues of X, and a 


Putting the value of I 


^ 22xl886*_ 

““T(“ 1-77 i 106 " 

y(2(-j9)--28‘'l 


2ir 

T 


360 x 37 
28 4 


251 


4941 


42 


jk^oi4g41-360-134M 
reflection coefficient a sa *885 
absorption coefficient a 22 
phase change a 134°*1 

In this way observations were taken for every material and absorption 
coefficient, reflection coefficient and phase change calculated m every case 
separately 

The following table gives the data for some substances. — 



Substance 

Reflection 

Absorption 

Phase change 



coefficient 

coefficient 


1 

Asbestos . . 

•96 

•085 

175'*-! 

2 

Cotton 

•88 

•22 

134*-1 

3 

Insulating board 

•83 

•30 

172®-3 

4. 

Treetax 

81 

35 

175‘*-5 

6 

Pelt 

81 

35 

145'’-6 


The impedance circles are as shown for these materials. A glance at 
these circles (Figs. 6, 6, 7, 8) shows whether the substance has got a greater 



Fio. 6. ImpedMoe Curve for Asbestos. 
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absorption ooeffloient from the former one or smaller. Theoretioally also we 
see from equation (8) that radius 

K* 




J 0mm» n 

If the radius becomes smaller, fJp+^^aZo should increase is constant 

1 ** flC 

jqp^aZo must increase, i e a must decrease, so absorption increases Hence 

as the absorption coefficient increases the circle becomes smaller From the 
above table we see that there is no relation between absorption coefficient 
and phase It is possible that the coefficients may remam the same while 
the phase changes in two oases as can be noted in oases (4) and (5), or the 
phase remains the same and coefficients alter as found in (1) and (4) The 
discussion m part HI will show that phase change depends on the perforated 
area of the reflecting surface in comparison to the solid one When the per- 
forated area is more the phase change increases Evidently, the observations 
show that felt is more porous than treetax, and though the coefficients of 
reflection and absorption are much different for asbestos and troetax, yet the 
perforated area is the same 

Cotton shows a pecuhar case hero Absorption is only twenty per cent, 
and phase change is so largo This requires further mvestigation 


Part III 


Theory of Sound abeorption »n porous materials 


The theory of absorption and reflection of sound was flrst treated 
theoretioally by Rayleigh > and elaborated by Pans® They treated the 
case of sound incident normally on a wall consisting of a large number of similar 
condmts of ciroular cross-section and uniformly distnbuted The expressions 
deduced by them give the ratio of the amphtudes of the mmdent and reflected 


waves 

Two oases arise according to whether the tubes are narrow or of moderate 
bore. It is known 7 that the ontenon which separates the two oases is the 


quantity 



in which r is the radius of the capillary, f is the kinematic 


viscosity of air, cs is the cycle firequenoy If this e^qiression is less than 
unity, the tube, according to Rayleigh, is effectively ‘narrow’ If it lies 
between 1 and 10, it is of moderate bore. The equation for the sound waves 
passing thiouc^ a narrow tube is 
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Case 1. When the tube is narrow 

l» = g-2 82j3 where 
Case 2. When the tube is of moderate bore 




The acoustic impedance Zq = pe of a gaseous medium characterizes its 
behaviour with r^ard to waves passing through it In the case of a capillary 
tube of infimte length, the acoustic impedance Z' per unit area can be calculated 
as follows. — 

Since p ■■ —c*p ^ and f = 

^ ^ die j<o 

and Z' 2 

i 

we obtain at once Case I * 

CaseU 


If the tube, however, is of fimte length we must replace these equations by 
others mvolving the impedance of a finite pipe which is ^ 

Zi M —jZootliq^jp) 

The impedance factor given above must then be multiphed by — 

Casel 

ootfVW-jW) 

Casell 

oot ^2+/JKi-j)| 

to obtain the appropriate value of the relative impedances 

If the waves are mcident from a medium of impedance Zq to another of 
impedance Zq then the reflection coefficient is given by > 





Zt 




+1 


In the present experiment we wanted to find out the absorption and 
reflection coefficients for known numbers of glass tul^ and thrir corre^nding 
phase change. For this purpose a number of holes were bored in the piston 



BElIiBOnON AMD PHA8H FOB SOUMD WAVBS 


689 


and filled with glass tubes In this case a part of the sound waves was reflected 
from the porous material and a part was reflected from the solid surface If 
A denote the perforated area we have (i+i, “ whore ( is the reflected 
wave both from the soUd and perforated parts, is the moident wave 

Pi+Pr "• Pa where p is the excess pressure 


Zg being the impedance of the opening 


Thus 


Zo- 

(i 


Zt=»cp 



-4 + 


Zo 


This can be written in the form 



( 10 ) 


where kp denotes the change of phase 

The experiment was repeated m the same way as described for other 
absorbing materials in § 2, Fart H. For different numbers of tubes the coefficients 
and phase changes were calculated Tn this case also the impedance circles 
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Fio 10 Lnpedanoe Curve for 50 Capillary tubes. 
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became smallet and smaller as the number of tubes moreased, showing thereby 
that the absorption was increased The following table gives the results 
obtained. — 


Number 


Reflection 

Zt 

Absorption 

Phase 

of tubes 

A 

coefficient 

Zo 

coefficient 

change kp 

126 

•078 

•64 

•366 

•69 

186-6 

100 

•064 

•67 

•324 

•66 

186-1 

76 

•048 

86 

638 

•26 

184-6 

60 

•032 

89 

65 

21 

184 0 

26 

•016 

•96 

78 

08 

183*7 

It IS found that the absorption coefficient 

mcreases with 

the number 


of tubes, but there u no appreciable change m phase The phase change is 
nearly the same in every case The phase change depends on the perforated 
area A, as can be shown from equation (10) If id bo very small, neanng 
seiTo, then at .d ~ 0 



which IS the case of p^eot reflector for which phase change is ISO*" 

In the present case of glass tubes the radius of a tube is *06 cm. and 
if 126 tubes are takmi the perforated area of the tubes 
p.^«314x06Sxl20 
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The area of the piston is s 3 142x2*, as > 
irt*n 126 x 06* 


. A«m 

A 


iri?* 4 

•078 18 very nearly zero 


2 om 
078 


As shown before 


^2 /4v\K, . 

Leaving aside the imaginary part 


os 

V <0^* 


Z, 2 


06 VI 


2 x 3 142x1200 


As V the kinematic viscosity is affected by conductivity, etc., m this case it 
almost becomes four times 132 so the value of 

z z 

-!P becomes 2x2 4 approximately 

Experimentally, we find that according to equation 






-A 




^ A(l-aeJ*^) 
(l+e»^a) 


putting the value of A for the number of tubes used and « obtamed from 

expenmental observation, we get the value of ^ The value of ~ for each 

"0 "0 

case is given m the table It is found that the order of the result is the same 
as found theoretically. 

As the area A has a maximum value equal to *078 it is evident that there 
will be a very small difference between the phase change in this case and that 
for a perfect reflector We see that phase change vanes from 183 to 186 only, 
but m every case it does exceed 180** Why it is more than 180** in this case 
of tubes and not less than ISO” as m the case of felt, treetax, etc., requires 
further investigation 
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Ahatraet . — ^The absorption coefficient of sound has been investigated for a 
large number of porous substances, but the phase change accompanying 
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reflection had not been so far investigated This is done in the present paper by 
measuring the impedance of a telephone receiver in the presence of air load. 
No significant relation between absorption coefficient and phase change has 
been found The phase change m the case of porous materials made from 
assembling capillary tubes is found to be greater than n at the frequency of 
1200 cycles whereas m other substances it was less than ir The acoustic 
impedance of the capillary tubes as calculated from Rayleigh’s formula is 
found to be m reasonable agreement with experiment 
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MALE AND FEMALE GAMETOPHYTES OF POLEMONIUM 
COEBULEVM LINN . WITH A DISCUSSION ON THE 
AFFINITIES OF THE FAMILY POLEMONIACEAE 

By Y SuNDAB Rao, M.Sc , Department of Botany, Hindu CoUege, 
Quntur 

(Communicated by Dr A 0 Joshi, D So ) 

(Read August 20, 1940) 

Polemoniaceae is a comparatively small family with 12 genera and about 
300 species, distributed chiefly m N America A few species, however, 
extend to Chili, Peru, Europe and N Asia The family is generally included 
among the Tubiflorae, one of the orders of the Gamopetalae, but there is a 
great deal of difference of opinion about its ancestry among the Polypetalae 
The few previous observations on the embryo-sac are conflicting The embryo- 
sac development m GUui mtUefoltata and Gobaea scandens is said to follow 
the Normal-type, while m Pdenumum coervkum it has been described to 
follow the 8e%Ua-type (Sohnarf, 1931) Suoh a situation is unusual and 
requires remvestigation. 

Pdemonxum coervleum Linn , the Jacob’s ladder, is one of the most 
widely distnbuted members of the family, being spread over North and 
Centi^ Asia, Europe and N Amenoa Its distnbution is coextensive with 
that of the family It is found in India in the alpine Western Himalayas, 
from Kumaon to Kashmir, at a height of 9,000-12,000 ft It is quite common 
in t.bis area The plant is a perennial herb with alternate, pinnate leaves 
and fine blue showy flowers arranged m terminal corymbose cymes The 
present paper deals with the development and structure of the anther, pollen, 
ovule and embryo-sac of this species In the end the bearmg of the embryo, 
logical characters on the affinities of the family Polemoniaceae is discussed. 

The matenol of Polemonium coervleum used m the present mvestigation 
was oolleoted by Dr, A C Joshi from Khilanmarg (10,000-11,000 ft.) in the 
Kmibniiy State It was fixed m Navashm’s fixative and then transferred 
directly to 70% alcohol Afterwards customary methods of dehydration and 
embedding were followed Sections were cut 8-12 p thick and stained with 
Delafield’s and Heidenham’s iron-alum haematoxyhn With the latter stain, 
oounteistaiiuiig with light green was also tried on some shdes 

Pbbvious Work. 

The earliest embiTologioal obsOTvations on the family Polemoniaceae 
were made by Elfving (1879) and Jfinsson (1870-80). Elfnng m his work 


VOI*. TMTo. 4. 


[Published DMembet lOtlv 1940. 



696 


T S. BAO * HALB ABD TBHALB 


on the pollen grains of angiosperms also studied the pollen of 0%lta species, 
Jdnsson studied the development of the embryo-sao of Polemonxum ooertUeum. 
According to him it follows the SeiUa-type Billings (1901) studied the 
structure of the ovule and embryo-sac, though not all the developmental 
stages, of three species of Pdemonxum, GoUomta cocctnea, Phlox DrummoTxdx, 
Lefiotiphon Androsoco and GMta tniUefoluUa He noted in all c^ies unitegmio 
ovules, embryo-sao tapetum, 8-nuoleate embryo-sac, early degenerating 
antipodals and nuclear endosperm. Bonnet (1012) in his work on the tapetum 
of angioqierms also reported on the tapetal cells of Cobaea scandena, noting 
the penplasmodium formation duel (1916) made a similar study both of 
Cobaea and Pdemonxum He noted amoeboid penplasmodium m the first, 
but not m the second Farr (1920) studied cytokinesis in the pollen-mother 
oeUs of Cobaea scandena Ho found this to take place according to the simul- 
taneous method and furrowing Sohnarf (1921) showed the development of 
the embryo-sao in Oxlxa mxUefdxata to follow the Normal-type Dahlgren 
(1927) has figured the structure of the nuoellus of Cobaea scandena Sohurhoff 
(1926) and Sohnarf (1937) have summarized the earher work on the family 
Sohnarf (1937) reports 2-nuoleate mature pollen grains m Ghlxa and Phlox 
species 

MiOBOSFOBOaBKBSIS 

Even before the young anther has become distmotly 4-lobed, 3-4 rows 
of cells m each lobe assume a different appearance from the rest These cells 
begm to Btam more deeply than the rest and show a higher nucleus to cytoplasm 
ratio, and thus differentiate as the primary arohesporium (Fig 1) Each of 
these primary arohesponal cells, after the anther has become distmotly 4-lobed, 
outs off a pmnaiy wall cell towards the outside (Fig 2) Divisions now proceed 
rapidly both in the primary wall cells and primary sporogenous cells and the 
anther soon attains its mature form The primary wall cells divide penolinally 
forming two layers (Fig. 3). The inner one of these layers develops directly 
mto the tapetum, while the cells of the outer layer undergo one more penclinal 
division (Fig, 4) The anther wall thus becomes four layers thick including 
the epidermis (Fig 6). The layer of cells just below the epidermis persists 
throu^out the development of the anthmr and by the devebpment of the special 
thickenings differentiates as the fibrous endotheoium (Figs 10-12) The 
middle layer of cells situated in between the tapetal and fibrous endothecial 
layers is short-lived. As the other two layers develop, it is omabed by the 
growing pressure from both inside and outside. Such a differentiation of the 
anther wall agrees with that found in Banuncuhts aceUraina by Sin^ (1936), 
whdi the only differmoe that in Sanunevlxu aederatua idiere are two middle 
layers Other spedes of the same genus, however, show only one middle 
layer, e.g, Banvncdm pamflorua studied by Salisbury (1931). Similar 
development of the anther wall is also seen in the IsAilatae (Qu^rin, 1919)) 
Valoianaceae (4splund, 1920), etc. In the Caryo^yUaoeae and other 



Ftas. l-old Polwnonium ootruUum. Varioua stagra u the development of the 
•nthet and pollen. Fig. 1, T S of a joong anther showing 8-4 rows of primary arche- 
qwrial cells in each lobe. Figs 8-5, four stages in the devdopment of the parietal tissue. 
Figs. «-9. four stages in the development of tapetal oells. Fig. 10, pert of an anther, 
lobe showing muoh enlarged tapetal oells, fusion of the tapetal nuclei and pollen tetrads 
Fig« 11, an early stage m the development of ftlse periplasmodium with degenerating 
tapetal nudei and l-nuoleate pollen grwns Fig. 12, false per^lasmodmm fiiUy developed, 
pollen grains 8-oelled and Obrous endothedal layer oompletsly djUteentiated. Fig. 18, 
l<naaleate pollan grain. Fig. 14, a young 2-adlad poUsn grain. Fig. 15, mature pollen 
gndn. Fig. 16^ surfime view of a matuM pollan grain. Figs^ 1 and 1M8, xoa. t66i 
Figk 8-6 and 10, xeo. 465| Figs. 5-0 and 1»>10, X ea. 588. 
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families of Centrospermales, with which the affinity of the Polemoniaoeae 
has been suggested by several persons (see discussion), the development of 
the panetal tissue in the anther follows a shghtly different course We find 
both m Caryophyllaoeae (Joshi, P C , 1935) and ^^arantaoeae (Kajale, 1936), 
Chenopodiaoeae (Bhargava, 1936), Phytolaocaoeae (Joshi, 1936), Nyctaginaceae 
(Bhargava, 1930), etc , that the cells of the outer layer formed by the first division 
of the primary wall layer do not divide any further penohnally and the inner 
layer does not develop directly mto the tapetum Its cells undergo at least one 
more division before the differentiation of the tapetum from the innermost 
layer Unfortunately, we have no similar authentic work to compare among 
any of the Geramales, the second order from which this family is supposed 
to have been derived by many taxonomists 

During the early prophase of the first meiotic division in the pollen- 
mother cells, the nuclei of the tapetal cells are still m the restmg condition 
(Fig 6) Usually among the flowenng plants they divide about the zygotene 
stage In Pokmontum coeruleum they wore found to divide m a mitotic 
manner (Figs 6 and 7) only when the nuclei of the pollen-mother cells entered 
the diplotene stage The colls remam 2-nuoleate for some time (Fig 8), but 
by the time of cytokinesis m the pollen-mother colls the nuclei come together 
and fuse with each other (Figs 9 and 10), so that the tapetal cells become 
1 -nucleate once agam This condition, however, differs from the first luu- 
nuoleate stage in the fact that the smgle nucleus now is tetraploid Similar 
division of the tapetal nuclei and fusion of the daughter nuclei to form poly- 
ploid nuclei IB seen m many other fiowenng plants, e g , OaUoma candteans 
(Smith, 1933), Wtekatroemta tndtea (Winkler, 1906), Oynandropaia perUaphyUa 
(Baghavan, 1938), Pdtanthea tuberosa (Joshi and Pantulu, unpublished obser- 
vations), etc Cooper (1933) reports that m Phlox pamculata the tapetal cells 
are generally uni-nucleate, but occasionally they become 2-nuoleate during 
the late prophase or metaphase of the I meiotic division m pollen-mother 
cells. This would show that there is considerable difference m the behaviour 
of tapetal cells withm the family Polemoniaoeae It is, however, probable 
that Cooper’s obs^wations are not quite correct, and in Phlox also the tapetal 
nuclei first divide and then the daughter nuclei fuse, but occasionally may 
remam separate. The material m any case require remvestigation 

At the tetrad stage the tapetal cells enlarge considerably (Fig 10) Their 
walla are thm and dehoate, as noted by Juel (1916). As the pollen grains 
devdop exme and mtmc, the tapetal cells lose their walls, and when the pollen 
grains are 2-naoleate and the fibrous endotheoial layer has fully differentiated 
their cytoplasm flows in between the pollen grams, forming a false penplas- 
modium (Fig. 12) Uhimately this is absorbed by^the devdopmg pollen 
grains. The tapetal nuclei degenente early, even before the formation of the 
plasmodial mass (Fig. 11). They begin to atam deeply, assume irregular 
outline and their fragmmits float into the plaamocUunf. In forms with a trpe 
per^plaamodiu% such as the several HelbbialeB (S&nd, 1939; and Comine- 
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linaoeae (Tisohler, 1916), the nuclei of the tapetal cells are still perfect and 
living when they float in the plasmodial mass and sometimes even divide 
mitotioally in this condition as noted by Narsimhamurty (1938) m Rhoeo and 
Zebnna Similar development of a false penplasmodium has been observed by 
Juel (1916) m Ccbaea wandena, but he reported its absence in P6lemon%um 
coenUeum, though he admits that at certain places it appeared to him as though 
the cytoplasm was flowmg from the cells The present mvestigation shows 
that the false penplasmodium in Pohmontum coemleum develops at a late 
stage of anther development Perhaps Juel (1916) did not study such old 
anthers to observe it. 

The pnmary sporogenous cells give rise to a large number of spore- 
mother cells These undergo the two meiotio divisions m the normal manner 
The pollen grains are formed according to the StmuUaneous-type, as usual 
m dicotyledons, and cytokinesis takes place by furrowing as descnbed by Farr 
(1920) m Gobaea acandena The pollen tetrads are generally tetrahedral 
The pollen grams after liberation from the mother cells soon round off, greatly 
mcrease in size, develop the usual exine and mtme and become greatly vacuolate 
(Figs 12-14), so that the nucleus is pushed towards the outer side. Here 
the nucleus divides to form a large tube nucleus and a small generative nucleus 
The latter is separated by a curved wall to form a lenticular generative cell 
The vacuoles m the pollen grains are gradually filled up, but no more nuclear 
divisions occur and the pollen grams are ultimately shed m this 2-oelled 
condition (Fig 16) The generative cell by now becomes spmdle-shaped. 
The exme is well developed It is perforated by numerous germ pores (Fig 
16) It IS thickest before the first division of the pollen gram nucleus and 
decreases in thickness as the pollen gram matures (Figs 13-16) Similar 
decrease in the thickness of the ezme durmg the later stages of pollen gram 
development has edso been observed by Brough (1923) m Stypheha long%folta, 
Pun and Smgh (1936) m Dtgara arv&ma and Kajale (1940) m many 
other Amarantaoeae Brough (1923) and Smgh and Pun (1936) think that 
this is due to the absorption of exme by the developing pollen grams The 
wnter agrees with Kajale that it is merely due to mechamcal stretching 
caused by an mcrease m the size of the pollen grams. 


Mxoasfobooenssis and Embbyo-sac. 

The ovary is supenor and trdooular (Figs 17 and 18) as m most members 
of the family and is situated on a pximinent disk. Dawson (1936) thinks 
tbn-t the disk represents a reduced whorl of stamens, because in many Pole* 
mpniaoeae it is supplied by a set of vascular bundles which correspond to the 
traces of an whorl of stamens The ovules are numerous, axile, anatro- 
'pQUS'^and possess single massive mtegument, forming a long, more or less- 
curved mlonpyle (Fig. 16). The nuoellns is poorly developed (Figs. 20 and ' 
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Fioa 17-26 PdUmomum coeruleum. Figs. 17-18, transverse and longitudmal 
sections of the ovary showing the structure wid arrangement of the ovules. Fig. 18, 
primuy arohesponal celL Fig 20, megaspore-mother cell dividing Fig. 21, tetrad of 
megaspores Ilg. 22, 1-nuoieate embiyo-sao and degeaoeration of the mioropylar mega- 
qwres Fig 28, 2-nuoleate embryo-sac Fig 24, 4-nucleate embryo-sac Fig 26, mature 
«nbryo-sao. Figs. 17 and 18, X 29; Figs 19-26,xca. 638 


21) Both the megaspore-mother cell and the tetrad of megaspores are 
oovered only by a single layer of nnoeUns cells. In later stages even these 
are crashed, so that the embryo-sac is directly sarronnded by the integument. 
As observed by Bilhngs (1901) m several Polemomaceae, the inner epidermis 
of the integument develops into an ‘embryo-sac tapgtum*. Its cells become 
densely filled with cytoplasm and b^n to stain very deeply. It snves the 
purpose of a nutritive jacket for the embryo-sac. 

lliere is a sm^^e hypodermal primary arohesponal cell (Fig. 19) and this 
directly functions as the megaspore-mother cell (1^. 20). Xo primary wall 

ji. 8 b 
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•cell IB cut oflfi The aame feature was observed previously by Jbnsson (1879-80) 
m this species and by Sohnarf (1921) in Q%l%a mtUefoitcUa The megaspore- 
mother cell gives rise to a linear tetrad of megaspores (Fig 21), as reported 
Ijy Sohnarf (1921) in Chita The three mioropylar megaspores d^nerate 
fFig 22), while the chalazal one develops mto an 8-nuoleate embryo-sac as a 
result of three successive nuclear divuions (Fig 22-26). The development 
of the embryo-sac m Pdemontum coentkum, therefore, corresponds to the 
NomuU-tj^, and does not agree with the iSolla-type as Jbnsson’s (1879-80) 
observations would lead us to beheve We may therefore conclude that in 
■all investigated Polemoniaoeae the embryo-sac is of the Normal-type. 

The mature embryo-sac is broadly spindle-shaped with a somewhat 
sharply pomted mioropylar end (Fig 26) The ^-apparatus has the normal 
structure. The two polar nuclei meet and fuse m the centre The antipodals 
•are small 1 -nucleate cells and disorganise early 


Discussion 

The ongm of the family Polemoniaoeae and its affimties among the 
Archichlamydeae has been a subject for much controversy among the syste- 
matists. Wettstem (1924) and Bendle (1926) denve the order Tubiflorae, 
in which the Polemoniaoeae is generally placed, from a form closely related 
to the Rosales Hallier (1906) traces the ancestry of the Polemomales from 
the Primulales and regards Geraniales as a oonneotmg link between the two. 
Bessey (1916) traces the ongm of the Polemomales from Banales through 
-Caryophyllales and Pnmulales He regards the Geraniales as closely related 
to the Caryophyllales Wemham (1911 and 1912) and Hutchinson (1926) 
both denve the Polemoniaoeae as an advanced type of the Goranialee. 
Hutchinson (1926) further believes the Geraniales to have been derived from the 
■Caryophyllales, which he considers as a central group giving rise to a number 
of orders Dawson (1936) from a recent study of the flond anatomy of many 
members of the family concludes that the Polemoniaceae is more dosely 
related to the Caryophyllaceae than Geraniaceae and represents a Ime of 
■development proceeding from a 3-carpellate Caryophyllaoeous stock prior 
to the establishment of free central placentation. 

It is thus clear that the general opinion seems to be to derive the Pole- 
moniaoeae either from the Caryophyllaceae or Geraniaceae and we have to 
see which view is favoured by embryological evidence. Here we have to 
■admit that OUT embryological knowledge is yet very imperfect. MHiUe the 
■embryology' of the Oaiyophyllales is comparatively well known, we have no 
knowledge as yet of some phases of the life-history, e.g., embryo development, 
of the Polemoniales. ^e known features of the three fsmilies are tabulated 
below. ' i 
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Character 

Qeramaceae 

Caryophyllaoeae 

Polemoniaoeae. 

(1) PoUen 

3-nucleate 

3-nuoleate 

2-nuoleate 

(2) Tapetum 

Amoeboid or pen- 
plasmodial. 

Secretory 

False penplasmodnim 

(S) Ovule 

A^tropous 

CampylotropouB 

Well developed 

AnatropouB 

(4) Nuoellue 

Well developed 

Poorly developed 

(0) Integuments 

Two 

Two 

One 

(6) Parietal cell 

Present 

Generally present 

Absent 

(7) Embryo sac 

Normal type 

Generally Normal- 
type 

Nuclear 

Normal-type 

(8) Endosperm 

Nuclear 

Nuclear 

(9) Pensperm 

Absent 

Present 

Absent 

(10) Embryo 

straight 

Annular 

Straight 


The table shows that in some features all the families are quite similar, 
6 g , in the presence of nuclear endosperm and NornuU-type of embryo-sac 
In other features (one integument, poorly developed nucellus, absence of the 
parietal cell, 2-nuoleate pollen grains) the Polemoniaceae differs both firom the 
Oeramaoeae and Caryophyllaoeae. Some of these features are common to 
the Gamopetalae m general In the form of the ovule, structure of the seed 
and tapetum, however, we find that the Polemoniaceae shows more resemblance 
with the Oeramaoeae than with the Caryophyllaoeae The embryological 
evidence thus seems to support Hutchinson’s (1926) and Wemham’s (1911 and 
1912) views about the origin of the Polemomaceae from the Oeramaoeae 
Dawson (1936) rejects this view only for the reason that from anatomical 
study she could find no evidence to substantiate 1)he theory that the 3-carpeUate 
ovary of the Polemoniaceae has been derived by reduction from the 6-carpellate 
ovary of the Oeramaoeae. She did not find any vestigial vascular traces for 
the lost carpels. Recent work of Arber (1933), however, shows that m the 
flowers of angiosperms the vascular bundles do not persist after the organs 
they supphed have ceased to exist. The absence of any vestigial traces for 
the lost carpels m the gynoeoium of the Polemoniaceae, therefore, cannot be 
regarded as strong evidence agamst the ongm of this family from the 
Geraniaoeae 

SUHBIABT 

The primary archesponum m the anther of Poiemomum eoervleutn consists 
of 3-4 rows of hypodennal cells The mner layer resulting ftom the first 
perichnal division of the primary wall cells develops mto the tapetum, while 
the outer layer divides once again to form the sub-epidermal fibrous ehdothe- 
oium and an early disappearing middle layer The nucleus of the tapetal 
oellB divides mitotioally about the diplotene stage of P.M.C., but the daughter 
nuclei fuse agam about the oytokmei^ stage, so that the tapetal oeUs ultimately 
possess one tetraploid nucleus. The tapetum forms a false periplaamodinm. 
The pollen grains are formed acowding to the SimvUanMU-type. Cytokinesis 
takes {dace by furrowing. The mature poUm grains am 2-oelled and possess 
many germ pores 
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The ovules show a single hypodermal primary arohesponal cell, which 
functions directly as the megaspore-mother cell, and gives rise to a Imaar 
tetrad of megaspores The ohalazal megaspore develops into an 8-nuoleate 
embryo-sac accordmg to the Normal-type Jhnsson’s observations that the 
embryo-sac m this species develops according to the Scdla-type are thus 
shown to be incorrect. 

The embryologioal evidence favouro Wemham’s and Hutchmson’s views 
about the origin of the Polemoniaceae from the Geraniaceae 

The author is greatly indebted to Dr A C Joshi of Benares Hindu 
University for suggostmg the investigation, providmg the material and helpful 
gmdance 
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ON THE NEW DIFFRACTION MAXIMA IN LAUE PHOTOGRAPHS 


S C SiBKAB, D8e and J Gupta, D Sc 
(Communicated by Prof M N Saha, F R S ) 

(Read August, 20, 1940 ) 

It has recently been reported by Sir C V Raman and Dr P Nilakantan 
(1940a) that a new type of X-ray reflection with change of wave-length has 
been observed by them m the Laue patterns of diamond obtamed with X-rays 
from a tube with Cu antioathode, the moident beam being nearly parallel to 
the threefold axis of symmetry of the crystal In a subsequent paper (Raman 
and Nilakantan, 1940b) the theory of the phenomenon has been given by them 
and m two other papers (Raman and Nilakantan, 1940c) the results obtamed 
by them m the case of diamond and crystals of sodium nitrate have been 
discussed m detail The new X-ray reflections observed by them he very 
close to the Laue diffiraotion maxima due to 111 planes, and the intensity 
of these spots is found to be dependent on the glancing angle made by the 
X-rays with these planes The origm of the now X-ray reflections has been 
interpreted by them to be duo to reflections from dynamic stratifications 
having a spaomg identical with that of the 111 planes, but these stratifications 
are oriented suitably for Bragg reflection by the mfluenw of mcident X-rays 
on the characteristic vibration of the lattice These authors, however, have 
overlooked the fact that such new difiraction maxima were observed previously 
by many workers (Fnedrioh, 1913 and others) This has been pomted out by 
Knaggs et al (1940) Recently Zaohanasen (1940) has put forward a theory of 
the origin of these new difiaction maxima observed m the vioimty of the 
Bragg reflection of monochromatic X-rays, and Siegel and Zaohanasen (1940) 
have obtamed preliminary experimental results m support of the theory put 
forward by Zaohanasen The object of the present paper is to pomt out 
certain difficulties in the theory put forward by Raman and Nilakwitan 
regarding the ongm of these new diffiraotion maxima, and also to discuss the 
diffierence between the fundamentals of this theory and that put forward by 
Zaohanasen. 

According to the quahtative theory given by Raman and Nilakantan, 
the new X-ray diffiraotion takes place m the followmg way — 

When a parallel beam of monochromatic X-rays OP, O'P' (fig 1) falls 
on a set of 111 planes the static direction of which is represented by the hue 
AB, if the glancing angle Ot does not satisfy the Bragg relation, the phases 
l^^ffotion of the different carbon atoms m the oharaotecistio oscillation of the 
are adjusted by the interaction of the incidact X-rays in such a way 

/OL. 


I— No. 4. 


PobUdlsd DMember 12tli, 1040 



706 


S 0 SIBKAE k J. OXTPTA ON THH NEW DIVVBAOTION 


that momentarily all the members of a 111 family of planes ore turned till 
the glanomg angle becomes da which satisfies the Bragg relation; a part of the 
incident quantum is absorbed m excitmg the charactenstio vibration of the 
lattice and the remaining part is reflected Thus m this reflection of a new 
type, the wave-length is slightly changed The change, however, is too small 
to be observed with X-ray spectrometers It has also been pomted out that 
this new theory differs from Bnlloum’s theory m this respect that according 
to the latter theory of light soattermg by elastic waves due to thermal agitation 
the waves are actually present in the medium and it is possible to pick up for 
any direction of moidence a Fourier component of the elastic waves having 
wave-length satisfying the Bragg relation for the mcident radiation, but the 
charactenstio vibration of diamond responsible for the new X-ray diffraction 
has such a large frequency that such a vibration is not excited by thermal 
agitation and it is excited only when hght waves or X-rays are incident on 
the crystal 

There are, however, a few fundamental difficulties about such a hypothesis 
regarding the origm of the observed new reflections First, when a plane 
wave IS mcident on the 111 planes as shown in fig 1, the disturbance reaches 
F' earlier than P, and if it is assumed that the difference of phase at the two 
pomts causes a rotation of the planes, the direction of rotation should be such 
that the 111 plane AB should go to the position AC and the correspondmg 111 
plane A'B' of the other mterpenetrating lattice should come to the position 
A'C' shown m the figure In such a picture it has been assumed that the 
vibration of the lattice of frequency 1332 cm which is actually a linear vibra- 
tion of the two lattices against each other is excited by the mcident X-rays 
earlier at P than at P' If now di is less than d^, the glanomg angle for Bragg 
reflection of CuKa, the orientation AC may give the glancing angle equal to 
dg and BO the CuKa may be reflected with the modified frequency 6^ is 
actually larger than dg for CuK^ and so the orientation A'C' for the 111 
planes of the other lattice may produce the smtable glancing angle for Bragg 
reflection of CuK^ If such a picture be assumed to be correct, one has to 
further assume that the displacement of an atom at P is of the order of at 
least one-fifteeiith of a millimetre, because the new reflection is observed to 
take place from a surface of the crystal of dunensions more than a millimetre 
on each side and m a direction whuffi corresponds to a hitation of the 111 
planes from the static position by about 4° It is difficult to believe that 
such a large displacement of the atom (of the order of 06 mm.) can actually 
take place in the Oscillation of the lattice mentioned above. In fact, investiga- 
tions of the intensities of X-ray reflections from atomic planes in crystals show 
that the di^lacement of the atoms owing to thermal vibratvm is of the order 
of a small firaction of the radius of the atom So the dnqilaoements due to 
lattice vibrations are expected to be lees than 1 x 10'^ cm But a diqilaceinent 
of the atoms postulated m the theory of the new X-r^y diffiraefson of modified 
fieequenoy is at least 10* times larger than this value. 
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Wo can also calculate the ratio of the moan velocity u of the atom to that 
of the X-ra3^ from the picture of the new type of X-ray reflection given above 
The maximum displacement of the atom at P takes place m the time in which 
X-raya travel from Q to F If the length PA bt* taken to be equal to a milli- 
metre and the displacement of the atom at P perpendicular to the plane be 
assumed to be about *05 mm the ratio of the vdooity u/c ■■ 05 Such a high 
velocity of the atoms m the crystal seems to be highly improbable 

The above arguments hold good even if we assume that only a small 
volume of the lattice oscillates at a time and the observed reflection is a 
statistical effect of refleotionB from different portions of the lattice at different 
tunes For any apprecialble mtensity of the sharp Bragg reflection, the 
smallest dimem^ns of the volume contribntmg to the reflection should be of 
the order of at least about 25 A,U (i.e , about 10 grating spaces) on each side 
and in that case the diqilaoement of the atom corresponding to a rotation of 
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4° is about 1*7 A.U , which again is too large to aotuaUy take place m the 
crystal 

Secondly, if the angular displacement of the 111 planes would take plaoe 
as postulated by Baman and Nilakantan owing to the interaction of the 
moident X«rays, the amphtude of displacement would have a oertam definite 
value, and the intensity of refiootion by these oscillatory planes would not 
depend on the magmtude of the variation of the glancing angle &om the 
Bragg angle for the refieotion of the monochromatic radiation But actually, 
the mtensity of the new spots is found to dimmish rapidly with morease m the 
variation mentioned above 

Thirdly, if the new spots are duo to Bragg refieotion from the dynamic 
stratifications as suggested by Raman and Nilakantan, it is difficult to under- 
stand why the Bragg relation does not hold accurately when the spaoings of 
the 111 planes are taken for calculation In fact, assummg that the Bragg 
relation holds good for the mean position of the planes corresponding to the 
mitial glanomg angle and the angle of soattermg, the spacmgs have been 
calculated for different values of glancing angles and different values of the 
spaoings have been obtamed The reason for this discrepancy is not explamed 
m the theory put forward by Raman and Nilakantan 

It has already been mentioned, however, that the appearance of the 
new maxima m the X-ray diffraction pattern has been observed by various 
workers, and Zaohanasen has recently put forward a theory to explam the 
phenomenon He has shown that the expression for the mtensity of radiation 
scattered by a simple lattice containmg one kmd of atoms as modified by 
thermal vibrations of the crystal contams two terms, the first one giving the 
Laue diffraction maxima, and the second one the diffuse soattermg as given 
below, — 

J + •f *» 

where s» Jo *» given by Debye, but J 2 differs from the second term 
in Debye’s expression, and has a maximum m a particular direction 


Vl+«»*20 2 ^ 4sin*il 2,r(ArK)«g(To) 


•( 1 ) 


where v is the mean velocity of propagation of the elastic waves, $ is Hie 
glancing angle of scattering, V is the volume of the unit cell. 


Qi 




+ IH 


and vj wm rvj, Tj ■* vffVf ; 

To IS the propagation vector given by the relation 


^ “ -^0 + ^0 &l ’ f ’ ^8 6 * + 
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where £o and K are veotors in the directions of tho incident and difiEracted 
rays respectively such that ^ K hiStSz are vectors representing 

the inverses of the edges of the cell, and are integers 

changes rapidly with the scattering angle and has fn»TiTrmin yalue when tq 
assumes minimum values. The direction of maximum intensity lies in the 
plane of mcidence but the glancmg angle of scattenng is m general not equal 
to the glancmg angle of mcidence When dt—da ■= A, where Bf is the actual 
glancing angle and da is that for Bri^ reflection, corresponding to the 
maximum m diffuse scattering is given by 

- 2tffl+2A sin* Bg (2) 

This expression shows that B^ is larger than Bg if is positive and 
face verM This has been verified by Siegel and Zaohanasen m the case of 
scattenng of CuKa radiation by rock salt, and there is quantitative agreement 
between the observed values of B„, and that calculated according to (2) The 
values of B„t observed m the case of diamond by Raman and Nilakantan as 
shown m Table I, reproduced from their paper, agree almost quantitatively 


Tabijb I. 

Mamma tn d%ffua« maUertng of Cu radMOun from 111 pfan«« of diamond. 


Qlauoing angle | 

28a 

8i— 8«=J 

28. 

28 a + 2d ■m»8A 

Inoidenoe 

Reflection ^ 

17» 11' 

24" 33' (Ka) 

43« 58' 

-(4" 47') 

41® 44' 

42" 3?' 

180 41' 

23" ao' „ 


-(3" 17') 

42® 31' 

43" r 

20" 49' 

22" 43' „ 


-(!" 9') 

43" 32' 

43" 37' 

21" 4' 

19" 6' (K^) 

39° 80' 

+(1“ 19') 

40" 10' 

i 

40* 68' 


with those calculated according to (2) , also there is qualitative agreement 
in this respect that Bm >Bb when A is positive and vtce versa Again, according 
to Zachariasen’s theory the mtensity of the maxima m diffuse scattering 
diminidies rapidly with mcrease m the value of A and increases with the 
increase in the temperature of the crystal These effects have actually been 
observed in the case of diamond by Raman and Nilakantan. 

Thus it is evident that the theory given by Zachariasen can explain 
the nature of the new diffraction maxima more satisfactorily than that put 
forward by Raman and Nilakantan The fundamental diflferenoe between the 
two theories is that the diffuse scattenng is due to Debye heat waves which are 
pree&aii in the crystal owing to thermal agitation, while according to the latter 
theory the lattice vibration responsible for the new reflection is excited by the 
^Xri^ys, and does not exist at ordmary temperatures. The increase in the 
intensity of the new dif&aotion maxima with increaseof temperature of diamond 
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obeerved by the said anthon probably supports Zaohariasen’s theory and 
contradicts the theory pnt forward by them. 

As regards the explanation of the obhqoe streamers which, as mentioned 
by Raman and Nilakantan, radiate towards or away from the two Lane qiotB 
due to 111 spaomgs, those authors assume that the streamers arise from 
the interaction of the vibration of the other two sets of 111 planes on that 
of one set of these planes, and that they are ongmated by the modified mono- 
chromatic radiation The present authors obtained some Laue photographs 
of diamond, two of which are reproduced m figs 2 and 3 X-rays were 
nearly normal to the cleavage plane, ie almost parallel to the threefold 
axis of symmetry. The photograjfii shown m fig 2 was obtamed with X-rays 



Fio 2 Fio. 3 

Laue photographs of diamond, 

Tig 2, due to white radiation from W target 
Fig 3, „ „ radiation from Cu „ 

The spots mailed with arrows in fig 3 are due to new diffraction maxima 

from a Coolidge tube having tungsten anticathode and operated at 40 K.V. 
The other photograph was obtained for exactly the same orientation of the 
crystal but with radiation from a copper antioath^e of a £bdding tube operated 
at about 30 K V The new diffiaction maxIttiR due to CoKfi lie close to the 
laue spots doe to 111 planes produced by the white radiation and an <}oite 
intense but those due to CoKa we the wei^, the further away they are from 
the Inpe Q>ot8.^ These photognqihs show the nflecihms fpmn'the planes of 
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the three zones li^, hll, and Al;l, the three 111 reflections being situated at 
the intersections of the three loops representing the three zones mentioned 
above. It will be seen by companng these photographs with those reproduced 
by Raman and Nilakantan that the directions of the streamers are along the 
loops starting from the Laue spots due to 111 planes It is, therefore, evident 
that the planes of reflections producing these streamers are also the planes of 
mcidenoes on some planes of the crystal which might be unagmed to belong to 
these zones but whose mdices are very compheated For a simple lattice the 
presence of such planes could not be unagmed but as diamond consists of two 
interpenetratmg lattices and the 111 planes of the two lattices are very close 
to each other, bemg separated from each other by one-fourth the spaemg 
of these planes, some planes slightly mclmed to the 111 planes may have some 
appreciable reflecting power If suitable wave-lengths are used to get the 
new diffiraction maxima from 100 planes, these streamers are expected to 
disappear 

Also the streamers extend up to such large angles from the directions 
of the static positions of the 111 planes that it is highly improbable that the 
influence of angular oscillations will extend up to such a large angle 

The arguments set forth above show that the new X-ray diffraction 
maxima observed m the case of diamond cannot be explained satisfactorily by 
the theory put forward by Raman and Nilakantan and on the other hand 
some of the observed facts definitely contradict the hypothesis put forward 
by them The results obtamed by them in the case of diamond seem to support 
the theory of diffuse soattenng duo to thermal vibration put forward by 
Zaohariasen. The crystals of sodium nitrate contam a large number of inter- 
penetrating lattices and so the interpretation of the results is difficult and is 
not attempted here. 

The authors are mdebted to Prof M N Saha, F R S , for his kmd interest 
m the work. 


SUMMABY 

The qualitative theory put forward by Raman and Nilakantan regarding 
the new diffraction maxima observed in the Laue photc^aphs of diamond has 
been exammed and it has been shown that there are some difficulties in the 
assumptions made by the said authors It has been pointed out that the 
obser^ facts contradict the theory put forward by them while the theory of 
diffuse scattering due to thermal vibrations of the lattices put forward pre- 
viously by Zaohariasen can explain satisfactorily all the facts observed by 
Raman and Nilakantan in the case of diamond The angles made by the 
directions of maxima m the diffuse soatt^ing with the 111 planes for different 
angtes of inoidenoe agree closely with those calculated from Zaohanasen’s 
' theory. The stceamers radiating from the positions of the Laue spots due to 
' 111 planes of diamond observed by Raman and Nilakantan ate shown to be 



712 8. 0 SIBXAB & J 017FTA : DnVBAOTIOlfr MAXIMA DT LAVX FHOTOOBAPH8. 

due to Tefleotions in the planea of inoidenoe of oertain oompUoated planee in 
the zones 12^, Ali and hh\. 
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DETERMINATIOK OF THE LIFE OF THE MESOTRON. 


Ry N N Das Gupta, if 8c (Cal ), Ph D (Lend ) and P C Bhattaohabta, 
M 8e (Cal.), Umverstty CoUege of Science, Calcutta. 

(Commumoated by Prof. M N Saha, F R S ) 

{Bead August 20, 1940) 

IWTBODUOTIOir. 

In an attempt to explam the short-range nuclear foroee and the anomalous 
magnetic moments of the neutron and the proton, Yukawa (1036) postulated 
the existence of heavy particles of mass mtermediate between those of electrons 
and protons. These particles are supposed to be radioactive, so that after a 
very short time r, they decay mto ordinary electrons and neutrmos. In this 
respect these heavy electrons or the mesotrons, as they are now called, are 
quite unique, because while all other fimdamental particles are stable they 
have an extremely short hfe. It was pomted out by Bhabha (1038a) that 
from the oonsiderations of relativity, the time of dismtegration of a mesotron 
will be longer when the partide is in motion. The life of a particle of total 
energy E and rest mass f» is given by 

.. ( 1 ) 

where tq is the life of a partide at rest. 

There are still serious difficulties associated with the heavy electron 
theory of nudear forces, however, the actual proof of the existence of such 
particles in Nature is furnished by numerous cosmic ray experiments. It 
now seems certain that the penetratmg part of the cosmic raidation at sea level 
consists of portides lighter than protons but heavier than electrons Although 
it is not yet dear whether the mass of all these particles is the same or it vanes 
oontinuously or even makes quantum jumps as postulated by Bhabha (10386) 
and Neddermeyw (1038), it will be interesting to see how far cosmic particles 
agree in their properties with the nudear particles postulated by Yukawa. 
As a first step towards establishing this identity it is necessary to verify whether 
the mesotrons found in oosmio rays are themsdves radioactive as demanded 
by Yukawa’s theory. 

Until reoently the doud chamber evidence was rather against the existence 
of a radioactive decay of mesotrons. Thus Maier-Leibnitz (1039), Neddermeyer 
and Anderson (1038) and NUhina, Takenohi and lohimfya (10^) observed 
altogether 7 mesotron tracks where the mesotron appear^ to come to rest 
within the chamber, but no ttace of die disintegration electron into vHiich 
it is M^poeed to decay was visible. Montgomery, Banway, Cowie mid 
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Montgomery (1039) ettempted to find eridenoe of disintegration of mesotrans 
by counting ooinddenoes between the mesotrons which are stopped by a lead 
plate and the decay electrons which emerge out of the lower surface of the plate. 
The results were entirely negative 

Very recently m the photographs taken m a randomly operated large 
cloud chamber, Wilhams and Roberts (1040) have found clear evidence for 
the dismtegration of mesotrons They have recorded photographically two 
oases m which mesotrons come to rest withm the chamber, and then give nse 
to high-eneigy electrons A similar case was reported somewhat earher by 
Maier-Leibnitz (1038) although the track of the dismtegration electron in this 
case was not so clear 

On account of the ranty of the phenomenon such direct evidence of the 
disint^ration of individual mesotrons are very few There are, however, 
various mdireot evidences Follett and Crawshaw (1036), Ehmert (1937) 
and Auger, Ehronfest, Freon and Fournier (1937) found that for the same mass 
of the absorber, mesotrons seemed to be absorbed more m rarefied substances 
than in dense materials. Aooordmg to Euler and Heisenberg (1038) these 
anomalies can be ezplamed to be due to the instabihty of the mesotrons pre- 
dicted by Yukawa In order to penetrate the same mass, mesotrons have to 
traverse longer distances m rarefied gases like air than m condensed substances 
like water or lead. In dense materials the range as defined by the energy loss 
by ionisation may be less than the free path of mesotrons {L as cr), so that 
no mesotron is lost duo to decay In gases, on the other hand, the nmge is of 
the same order as the mean free path L, Some of the mesotrons therefore 
decay on their way and there is an moreased apparent absorption It should 
be mentioned here that according to Fenmi (1040), a part of the mass absorption 
anomalies may be explained to be due to the effect of density of a material 
on ionisation loss of a fast particle. According to this idea for a very fast 
mesotron {E>10* ev), with equal masses of the absorbing material, the 
energy loss m rarefied substances is greater than that in a condensed material 
This difference mcreases with the kmetic energy of the particle. However, such 
an effect is inadequate to explam the total mass absorption anomaly actually 
observed and one has to fall back upon the disintegration hypothesis 

Blackett (1038a) showed that it is possible to estimate the life of the meso- 
tron based on the differential absorption of the penetrating component in rarefied 
and condensed materials as well as firom altitude and seasonal variation of 
cosmic ray intensities. The different methods of determination of the life of 
the mesotron based on these ideas have been summarised by Bossi (1930). 
He further showed that the shape of the energy spectrum of the mesotrons at 
sea level is influenced by the dismt^ration of the mesotrons. A comparison 
of the shape of the observed sea level spectrum with thh theoretical one seems 
to justify the didntegration hypothesb. In the following table a summary 
is given of the work carried out so far, tc^^ether with the methods used and 
the results of detenninatkm of tq. 
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Tabib I 


A Summary oj the Prevtoua Work on Determination of tq 


Observer 

Date 

1 Method used 

To msecs. 

Blackett 

1938(a) 

Inohnatiou Anomaly and Moss Ab- 
sorption Anomaly m Water and 
Lead. 

Temperature Effect 

1 7x10-* 

Beruardini, Ferretti 

1938(6) 

3 4x10-* 

1940 

Altitude Effect at 3 4 Km and 0 5 

5 0XX0-* 

et at 

Clay, Oiemert and 

1 

1 

Km 

Inolmation Anomaly 

4-OxlO-* 

1930 

Variation of Ionisation at Different 

2 0X10-* 

Clay 


Depths of Water 


Euler and Heisenberg 

1938 

Ratio of Intensities under thick 

2 7x10-* 



Layers of Air and Water 


Johnson and 

1939 

Maas Absorption Anomaly m Water 

2 6X10-* 

Pomoraiitz 


and Air 


Nielsen, Moi^gan et al 

1040 

Altitude Effect and Attenuation 

12X10-* 


Factor 


Pomerantz 

1040 

Zenith Angle Effect at Sea Level, 
Integral Method. 

3 4x10-* 

,, 


Zenith Angle Effect, Differential 

2 6X10-* 



Method 

Ratio of Dismtegration Electrons to 

6 0X10-* 



Mesotrons 


Bossi, Hilberg and 
Hoag 

1940 

Mass Absorption Anomaly m Air 

2 0X10-* 


and Carbon 


Boiui 

1988 

Mass Absorption Anomaly m Water 

2 0X10-* 



and Lead. 



On aocount of the great importance attached to the radioactive decay 
of mesotrons as well as of the large variation m the values of r, obtained by 
different workers, it was decided to carry out some mdependent measurements 
m tropical latitudes 

The present paper desonbes measurements of the vertical and inchned 
intensities at Calcutta (approximately at sea level and magnetic latitude 12'’N ) 
and at Darjeeling (height above sea level 2*2 Km., magnetic latitude 
We have also estimated the proportion of the dismtegration electrons to the 
mesotrons at the two stations From those measurements, the life of the 
mesotron at rest has been determmed by three independent methods, viz.: 
(a) altitude effect, (6) zenith angle effect, and (c) ratio of dismtegration electrons 
to mesotrons 


ApPAIUTUS AKD ExFSBJMXSTAL PBOOBDrBX. 

In the series of experiments described below we have counted coinddenoes 
between four Geiger Mflller oount«s in the same vertical plane with their 
axes printing magnetic east^west. The two lower counters were shielded 
by 10 cms. Fb on all sides to out off the soft component. In order to mefumre 
the absot^n in lead additional slabs of any required thiokness could be 
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placed between tbe lower oounten and the The ooxreotion due to 

aooidental ooinoidenoee and showers was determined by di^laoing the second 
and the third counters from the common aTia as shown m figs 1 and 2 With 
this arrangement no single partide could excite all counters simultaneously 
This correction vaned from about 2 oomoidences per hour with no mterposed 
lead to 0*6 coincidence per hour with an mterposed lead shield of 10 oms 


'O 









LEAD 

LEAD 

OC) 

o 

LEAD 


FI6 I 


This was mainly due to showers as the aooidental coincidence rate was n^^igible, 
the resolving time of the circuit being only 1*2 X 10** sec. In order to measure 
the inclined mtensitieB, the counter tdeecope was tilted at 40** to the senith 
towards the north. 

The principle of tiieae er^Mrimmits is to compare cosmic ray intensities 
under the same mass of the abawber t r aversed in two diffinent dirsctioiM, so 
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that the aotiuJ lengths of paths are different. Since the mass is the same, 
the ionisation loss will be the same for the two oases and any additional 
absorption which is observed along the longer track can only bo due to decay 



F/G 2 


If 1 be the excess path traversed by mesotrons in one case over the other, 
end N and be the intensities observ^ m the two oases, then the mean firee 
path is givmi by the equation 



For the determination of L we have used two different methods. 
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(a) DderminaHon of L from AUUude Effed, i «. from (ho VarieUton 
of ihe Vertical Iniencity toUh Height 

We have compared the vertical intensity of the mesotrons at Calcutta 
(elevation 200 ft , geomagnetic latitude 12‘*N ) with the vertical mtensity at 
Darjeeling (elevation 2*2 Km , geomagnetic latitude lO** 30'N ) The efiEeot of 
the small difference in geomagnetic latitude may be neglected as the maximum 
latitude effect at sea level, due to a change of latitude from 40‘’N to 0“, is 
not more than 10 per cent according to Compton (1037) and Thomson (1038) 
In the measurement of the vertical intensity at Darjeeling we have used an 
additional lead screen equivalent in stopping power to the layer of air between 
Calcutta and Darjeeling The mass of this layer is given directly by the dif- 
ference in atmospheric pressure between Calcutta and Darjeeling, i e 1028— 
784 or 244 gms /cm * which is equivalent in stoppmg power to about 34 oms 
of Fb In this calculation the stoppmg power of air is assumed to be 1*58 
times that of Pb, as given by Bethe, Bloch, Bhabha formula (1038&) for 
ionisation loss. 10 ems of Pb are always used between the counter system as 
shownnmfig (1) to filter out the soft component Hence the vertical mtensity 
under 10 ems Pb at Calcutta is compared with that at Darjeelmg under 44 ems 
The total mass traversed by the rays is then the same in both oases, but the 
actual paths differ in length In this case the excess path I traversed by the 
vertical rays at Calcutta is clearly the difference in height above sea level 
between Calcutta and Darjeeling, that is, 2*2 x 10* cm With 1 = 2 2 X 10* cm 
and the measured values of N and intensities at Calcutta 

and Darjeeling, the mean free path L may be calculated by means of 
equation (2). 


(&) DekrminaUon of L from Zersdh Angle Effect, » e from the Vertical 
and Indwed Intenaitiee at the Same Station 

Ibr the determination of £ in a different way we compared the mtensity 
of the inclined rays {0 ■■ 40”) at Darjeehng with the vertical rays at the same 
station with an additional layer of Pb between counter system to compensate 
for the excess mass along the inclined direction. Smee the mass traversed 
by tihe vertical rays at Darjeeling is about 784 gms /cm * the rays inclined 
at angle 40” to the semth have to penetrate an excess mass of 784 (sec 40”— 1), 
Le. about 244 gms fom * of air over the vertical rays This excess Tnmia is 
compensated if the vertical intensity of mesotrons is measured under an 
extra lead absoeber 34 oms thick The vertical path throuj^ the air and 
the lead absorber uid the inclined path through the air then differ only in actual 
length but not in stopping power The ratio of the two intmisities therefore 
indicates the mean free path of the mesertrons in air as in the previous case. 
Hence the vertical intensity of mesotrons at DarjeeHbg under 44 oms, of Pb 
was compared irith the intensity under 10 oms. at an angle of inclination 40” 
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to the zenith. The ezoese path Z traversed by the inolined rays in this case 
is given by 

Z» (Z',-Zi)8eo«-(Z.-Zi)«7-7Kin .. .. (3) 

where Zj is the height of Darjeeling above sea level, and Z'^ the height of 
formation of mesotrons mcident at an inohnation 40** to the zenith. 

It IS generally assumed that mesotrons are formed in the atmosphere 
when the mass traversed by the primary rays is about one-tenth of the total 
mass of the atmosphere The validity of this hypothesis has been proved by 
the recent baloon expeiiments mentioned later in detail On this assumption 
the height of formation (Z^) oi the vertically commg rays is about 18 4 Km 
and that for the rays mclmod at an angle of 40** to the zenith (Z'„) is 20 6 Km 
Substituting the values of Z„ Z'« and seed m equation (3) the excess 
path I in the case of the inchned rays is found to be about 7 7 Km As before 
with this value of I and the measured values of the vertical and the molmed 
intensities, the mean free path for decay may be calculated from equation (2). 

Rbsults 

The results of determination of the mesotron mtensity under the conditions 
mentioned above are given in the following table For each case the number 
of showers recorded per hour was determmed by the method of displacement 
oi counters as mdioated m figures 1 and 2 The shower rate thus obtained 
was subtracted from the total number of mesotrons recorded per hour The 
oorreoted mesotron intensity is given m column V, Table II 


TaBi:.B n 

RmtUa oj MtammntnU 


Observation 

Station 

Angle to the 
zenith 

Amount of 
lead between 
oounterg 

Number of meeo- 
trone recorded 
mr hour, after 
oeduotmg the 
correction due 
toahowera 

1 

Oaloutta 

0* 

lOcnw 

16*0 1 *48 

2 

Daijeelmg 

o» 

44 oms 

20 0t*S0 

3 

Darjeeling 

WN 

10 onu 

14 8 ±*67 


From the results given in Table II it is evident that the vertical mesotron 
mtensity measured under the same mass of the absorber decreases from about 
20 to 16 per hour due to a change of height above the sea level by 2*2 Km. 
Similaily, a tUt of the counter telescope by 40 degrees from the zenith at 
Darjeeling reduces the intensity of the penetrating component from 20 to 
14*8, although the excess mass laaversed m each ease is compensated by 
fld d jiHm W absorbers. In both the oases the decrease is much greater than 
the limits of statlBtioal errors. With tiie assumption that the reduction of 
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intensities is due to decay of mesotrons along the longer tracks, the mean 
free paths of these particles have been calculated vdth the help of equation (2) 
and are indicated in the third column of Table III. 

The mean free path is related to the rest life of a mesotron by means of 
the equation, 

T (4) 

where is the total energy of the mesotrons considered. 

The mesotrons recorded in our measurements are those having energies 
greater than a certam minimnin required to penetrate the ten cms lead screen 
which is always present. Assuming /t = 160m, i e = 8 x 10^ e v it follows 
from the consideration of ionisation loss of mesotrons m lead En^in >= 2 X 10^ e v 
In calculating the average energy of the mesotron spectrum at sea level we 
have, therefore, to consider a lower limit of 2 x 10^ e v. 

No measurement of complete energy spectrum at our latitude is available 
We have assumed an average energy of 1*3 x 10* e v which is deducible from 
the measurements of Blackett (1037) and Wilson (1030) On account of the 
uncertainty in the actual values of the mass and the average energy of the 
mesotron beam it is probable that uncertainty in tq is greater than that in L. 
However, any changes found later in the exact values of these two quantities 
will produce a correeqmnding ohan|^ in the value of tq which can be easily 
allowed for. 

For the determination of tq from the measurement of the vertical mtensity 
at CSalcutta and Daqeeling we require the average energy of the mesotrons 
at Darjeeling This may be obtained by adding to the energy at the sea level 
the amount spent in ionisation in traversing the column of air between Calcutta 
and Darjeeling 

Thus JH. - (l-3+2xl0-»x244) 10* = l-8xl0*ev 

For the second case we require not the energy in the place where the 
particles are actually observed but the average along their tracks This may 
be obtained from the formula given by Rossi (1030) and we derive the foUowing 
average energy for the second case. 

Sb - 2-7 X 10* e.v. 

The values of are given in Table III together with those of L 
To calculated for each value of £ is indicated in the last column of Table III 

Tabu m. 

CaMaiion qf r«. 

Msihod Dstsused LiuEm. I Finl0*e.T. Ttinl0-«SMa. 


AHitode Bflbot 

awith Angle Bftd . 


lands 

lands 


9-86 1 8-4 
SS-TtS-S 


i-8 

1-7 


1-48^.61 

i-sTt.es 
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It will be found from tbe table that the yaluea of tq obtained by the two 
different methods are in agreement with each other within rather large 
statistical errors The mean value of tq is about 2 x lO"* secs 

In the next section are described the results of determination of tq by 
an entirely different method, i.e from the ratio of disint^ration electrons to 
mesotrons at Calcutta and Darjeeling, It is very satisfactory that tq comes 
out again to be about 2 x 10*-* secs. 


Dbtbbhinatiov of from THB Ratio of Disdutbobation 
Elbotbons to Mbsotbobs 


Euler and Heisenberg (1938) deduced the foUowing relation for the 
proportion of the dismtegration electrons to mesotrons 


8to 2oA 


. (5) 


where Xq the characteristic umt for air a 275 m , Bg ia the critical energy 
for air 1*6 x 10^ e v., A the depth bebw the top of the atmosphere in gm /cm 
a the eneigy loss by mesotrons per gm of air (about 2 x 10* e.v ) Substitutmg 
the values of the quantities mvolved 


»o 


5 60X10-T 
(k-20/h) ' 


(6o) 


In the present experiment tq was obtained by determining the ratio (ib) of 
the disintegration electrons to mesotrons at Darjedmg and Calcutta The 
values of tq thus obtained agree withm the limits of experimental errors 
with the previous determinations This serves as a check on the correctness of 
the determination of by the former methods 

For the determination of fc we measured the complete absorption curve 
of cosmio rays in lead, both at Dar]eeling and at Calcutta The results which 
are given in Table IV are diown plotted graiddcally in fig. 3. 


Tsblb IV 

Abtorpnon in Ltad of the Vortied Oomie Bay Tntmuiiy at Qabmtla and thritMng. 


ThbdmetBor 
intmosed 
lead absorber 

Oom. 

2 oms. 

6 (mu. 

10 (»u. 

20OIXU. 

30 oma. 

44 oms. 

Inteoaity at 
DaijssUiig 

89* -76 

84*8*>98 

20 6*'8O 

88*4* *50 

88<6*>56 

20-6* >60 

«H)**80 

IntoBdty at 
Cakutta .. 

81-«**90 

21-0 1-80 

l7-8±-80 

14H>*'48 

U-Ot-M 

18-4* -70 
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From fig. 8 it la evident that the total mtenaity oi cosmic T&ji ui- 
creases by a factor 1*82 due to a change of height of 2*2 Km from Calcutta 
to Darjoehng Also the proportion of the soft component to the hard increases 
from 33*4 per cent to 74 per cent between these two stations 

The soft component at any place consists of the disintegration electrons (jD), 
knock-on shower electrons {K) and the cascade electrons due to pnmaries (P) 
Hence if we denote the total soft component by E, 

S«^D+K+P (0) 

In order to determine the fraction of the intensity due to the decay elec- 
trons alone (P) we must subtract fi-om the total intensity {E) the effects 
due to the cascade multiphcation and knock-on showers (P+K) 

From the calculations of Bhabha (19386) the number of knock-on 
secondaries that accompany mesotrons of energy 10^(* e v is about 7 per cent of 
the number of mesotrons If the average mesotron enei^ is 10* e.v the 
proportion reduces to 6 per cent 

The number of eleotrons expected at Calcutta and Darjeeling due to the 
cascade multiplication of the primaries can be calculated m the following 
way In the characteristio units of the radiation theory the distance of 
Calcutta from the top of the atmosphere is given hyl^2ld, and fmr Darjeeling 
{ M 23, We have next to fibc the other parameter, vis. the logarithmic ratio 
of the energies of the primary and the cascade eleotrons Due to the presence 
of the earth’s magnetic field only those eleotrons may be incident on the surface 
of the atmosphere which have energies exceeding a certain minimum given by 
■■ 1*9 XlOi® 008* 4 ®*v • • (7) 

where ^ is the magnetic latitude of the place. For Calouttk where the magnetic 
latitude is about 42*’^. the ngnimum energy of th® indde&t deofrons is about 
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1*7 X 101® e.v. Only particles with energy greater than 1*7x101® ev. can 
be incident on the top of the atmosphere at Calcutta. Presumably a bulk 
of these will have energies just above this minimum limit If we make the 
assumption that all the moident particles have energies approximately equal 
to 1 7 X 101® e y ^ then since the critical energy for air is 1*6 x 10® e v , 

y = log (W/E,) 6 (8) 

Bowen, IMGllikan and Neher (1938) found that the total vertical energy 
flux at our latitude is 10® e v per cm 2 per sec This is the total energy carried 
by the cosmic particles per square om per sec directly overhead at Calcutta 
Assuming that all the cosmic particles incident on the surface of our atmosphere 
have energies equal to the magnetic limit 1 7 x 10^® e v we calculate the 
number of particles incident per sec per sq om to be about 0 068 Smoe 
some of the cosmic particles will have energies greater than this mimmum 
value, the above estimate gives the upper limit of the number of particles 
moident per sec Johnson (1938) estimates that a more probable number is 
0*032 This represents the number of primary particles moident per om * 
per sec The problem now is to And out how they will multiply m the successive 
layers of the atmosphere and m particular what mtensities are to be expected 
at Calcutta and Darjeeling 

If F (EV) be the spectrum of the primary particles whose energies exceed 
E' and * (/, y) the number of the cascade electrons produced by one primary 
particle at a depth I and deflned by the logarithmic ratio of the energies y, 
then the mtensities of the soft electrons to be expected at Calcutta and 
Darjeeling after multiplication m the layer of air above these two stations 
IS given by 

,00 

. . (») 

An exact solution of this equation is dijBioult and moreover the distribution 
of the primary electrons is not known with any accuracy But we can make a 
simplified calculation on the previous assumption that the energy of all the 
primary particles is the same Then from the theories of Bhabha and Heitler 
(1937), since 

for (-29. 1,-6. *((.!,) -76 10-*) , 

for 1 23, y ■■ 6, z{l, y) »» 0 03 J 

the calculated number of the cascade electrons above an energy of 1*6 x 10* e v 
expected at Calcutta and D^jeeling are 0 086 and 3 4 pia* hour Takmg mto 
account Arley’s correction (1938) for the number of slow electrons and the 
limited sohd angle of the apparatus, the number of soft electrons expected to 
be recorded with our apparatus are about 7 and 0 2 per hour 

It is possible to estimate from the aboFe results the number of ordinary 
electrons due to decay of mesotrons The results of th^ calculations^ 
are contained in the fdbwing table. 13ie number of mesotrons incident 
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per hour (Jf) and the total intendty (j^ of the soft component at the two 
stations are given in columns n and m respectively. The estimated values 
of the number of knock-on electrons (K) and the primary cascade (P), obtained 
as mentioned before, are given in the next two columns The number of 
disintegration electrons (D) has been obtained by subtracting (JiT +P) from {E). 
The two ratios of the disbtegration electrons to mesotrons have been given 
in column VII, and the corresponding values of tq in the last column 


TABtS V. 


Station 

Number 

of 

mesotrons 
per hr. 

M 

Ntunber 

of 

electrons 
per hour 
S 

Knook-on 
electrons 
per hour 
K- 05M 

Cascade 
electrons 
due to 
primaries 
P 

Dism- 
tegration 
electrons 
per hour 
D 

Ratio of 
disinte- 
gration 
eleiotronto 
mesotrons 
k^DIM 

TomlO-* 

secs 

Darjeeling 

23 6t 87 

16 0± 64 

IIS 

700 

185± 64 

S3f06 

18f3 

Colontta 

16 6t 48 

60i*17 

82 

•20 

4 08^ 17 

•SOf 02 

8 0±-2 


BiSOtTSSXOK 

In deriving the life of the mesotrons we had to make the following 
assumptions It was assumed that mesotrons are the secondaries produced 
by the primary cosmic particles at a hei^t above the sea level where the 
mass traversed by the primaries is about ^ of the total mass of the atmoqdiere. 
This assumption, which was originally made by Euler and Heisenberg, is based 
on the observation of Millikan, Neher and Bowen (1937) that at a depth of 
about 1 metre of water below the top of the atmosphere, the primaries are 
absorbed more than ooukL be accounted for by the cascade theory It appears 
that at this height the pnmanes are absorbed by some other mechanism 
besides the formation of cascade showers. This additional loss of energy is 
briieved to be due to the formation of mesotrons Although the exact pro- 
cesses which lead to the creation of mesotrons axe not yet dear, tb e recent baloon 
experiments of Schien, Jesse, and Wollan (1940) and Dymond (1940) seem to 
confirm these ideas in a strikiag manner The variation of the mesotron 
intensity with hei|^t above the sea levd indicates that the mesotron intensity 
reaches a maximum value at a pressure of 8 cm Hg, after which the Intensity 
decreases again with hei^t. 

The determination of £ram the altitude effect is independent of any 
assumption regarding the height of formation of mesotrons and also of the 
assumption of the isotropy of the radiation. It is posribly more ooxrect than 
the other determination. The agreement between the Results obtained by the 
three methods iaJ>herefore very satisfactory. 
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The aeopnd aerioas asBumption in the detennmation of tq is that the 
masa of the mesotrons is constant and is about 160 electron masses. The 
present experimental evidenoe on this point mdioates that the mass lies between 
wide limits, 100-260 electron masses While it is not impossible that the 
mass varies according to quantum laws, the experimental errors m the vanous 
determinations of mass are so great that they do not exclude the possibibty 
of mesotrons havizig a fixed mass We have provisionally assumed a fixed 
mass of 160 m A similar assumption has been made regardmg the average 
energy of the mesotron spectrum at Calcutta which is also not known very 
accurately. Any changes m the exact values of /t and E that are found to 
be necessary m the light of future expenments will mtroduoe a corresponding 
change m tq This can be easily allowed for 

We have n^lected the correction mentioned by Fermi (1940) as this, if 
present, can account for only a small fraction of the total effect The results 
of the present experiment therefore give conclusive evidence about the 
dismtegration of mesotrons 

It IS with great pleasure the writers record their smcere thanks to 
Prof M N Saha, F B 8 , for providing facilities for this work at Darjeehng and 
at Calcutta and also for his contmued mterest m this work The writers are 
also indebted to Mr K S Ifianian for making the counters used m these 
experiments. We also wish to record our appreciation of the constant help 
rendered by Mr. B. P. Dutt, Lecturer in Physics, St. Paul’s School, Darjeeling. 

SUXMABY. 

The radioactive decay of the mesotron is confirmed by a senes of 
measurements earned out at Calcutta and at Darjeeling (2 2 Em 16'’N., 
geomagnetic latitude). The vertical mtensity of the mesotron at Calcutta has 
been compared with that at Darjeeling under additional lead blocks eqmvalent 
to the mass of air between the two stations. We have also compared the 
vertical intensity at Darjeeling under 44 ems of lead with that at an inclined 
direction of 40^ to the zemth. Under this condition the mass traversed by the 
verUoal and inclined rays is the same. From these as well as from the ratio 
of the soft to the hard component at the two stations, the life of the mesotron 
at rest is deduced to be about 2*0xl0~* sec. This is comparable with the 
results obtained previously by different observers. 
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Fourteenth Ordinary General Meeting. 

The Fourteenth Ordinary General Meetmg of the National Institute of 
Scienoes of India was held at 11 a m on Tuesday, the 20th August, 1940, in 
the hall of the Royal Asiatic Society of Bengal, 1 Park Street, Calcutta 
The following Fellows were present — 

Bt >001. R N Ohopra, Pr$gtdent, (m the Ohair) 

Prof J N Mukheijee, AddUtonal Viee^Pnttdent 

Dr B Fraehad, Addtiional Viee^PnmdMit 

Dr B S. Ouha, Honorary Trocuunr 

Prof S R Boee 

Dr H Chaudhuri 

Oapt S 0 A Datta 

Rai Bahadur Dr S L Hora 

Prof P K Kxohlu 

Dr R B. Lai 

Prof P. Neogu 

Major 0 L Paenoha 

Prof M N Saha 

Prof N R Sen 

Dr A,0 Ulol. 

Prof S P Agharkar, Honorary Secretary 
Besides the Fellows there were also some visitors present 
1 The mmutes of the Thirteenth Ordinary General Meetmg, held on 
the 11th and 12th March, 1940, were read and conBrmed. 

2. The following Fellow signed the duplicate obhgation and was admitted 
as a Fellow under Rule 13— 

Major C L. Pasncha 

3 The following papers were taken as read owing to the absence of 
the authors’- 
ll) Structure and development of the ovule and embryO'Sac of 
Laeionphon enocephaku Done. By 8 B. Kausik. (Com- 
mumcatedbyDr A C. Joshi) 

(2) Measurement of coefficient of reflection and phase for sound waves 

By Miss Chandra Santa (Communicated by Dr. R. N. Ghosh ) 

(3) The mtration and halogenation of 8, methoxy- and 8, hydroxy- 

ooumarins. By B. B. Dey and Miss V. Ammalu Kutti. 

(4) A contribution to the embryology of the Amarantaceae By 

L B. Kajale. (Omununioated by Dr A, C. Joehi.) 

(6) Male and fomale gameto|ffiyt6S of Pokmotmm eoenikum Lmn , 
with a disousalon on the afflnitiea of the fomily Botemoniaoeae. 
By Y. Sundar Bao. (Oommunioated by Dr. A. C. JoshL) ^ 
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(6) The determination of soil constants at broadcast and nltra-hi^ 

frequencies By Imtiaz Ahmad Ansan, B D. Toshm\irel and 
G E. Toshniwal (Commumcatod by Prof M N Saha.) 

(7) On null geodesies and null corpuscles m the theory of rolatmty. 

By C G Pendse (Commumcated by Prof S P Agharkar ) 

4 The following papers were read imd discussed . — 

(1) New dif&aotion maxima m Laue photographs By S. C Sirkar 

and J Gupta (Communicated by Prof M N Saha ) 

(2) Determination of the life of the mesotron. By N N Das Gupta 

and P C Bhattaoharya (Commumcated by Prof M N Saha ) 

(3) The nature of the colounng substances m coloured Polyporaceae 

By S E. Bose. 

Owmg to an engagement the President left the meetmg while the papers 
were bemg read nominatmg Prof M N Saha to the chair for the romammg 
period of the meetmg. 

The meeting terminated at about 12-30 with a vote of thanks to 
the chair 
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